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1.0 INTRODUCTION
1.1 Project Background
In 1987, Nova University (Contractor) with ERM South (Subcontractor) was awarded a
contract to provide biological monitoring services for the John U. Lloyd State Recreation Area
Beach Renourishment Project. A notice to proceed for the initial biological monitoring (Phase 1
- Preconstruction) was issued in February, 1989. Phase I preconstruction field monitoring took
place in February and March, 1989. Phase II post-construction field work took place in August
and September, 1989. Phase III post-construction field monitoring took place in August, 1990.
Laboratory work occurred from March, 1989 to January, 1991. Renourishment dredging took
place from May 16, 1989 to July 14, 1989. Approximately 603,000 cubic yards of sediment
were removed and subsequently emplaced on 1.6 miles of shoreline.
1.2 Project Overview
1.2.1 Contracted Scope of Services
Biological Analytical Services contracted for in the John U. Lloyd State Park Beach
Renourishment Monitoring were organized in three separate phases. These phases were: once
before construction (Phase I - Preconstruction), once thirty days after project completion (Phase
II - First Post-Construction - 30 day), and once one year after project completion (Phase III -
Second Post-Construction - 1 year). The scope of analytical services consisted of three tasks as
described below.
Task 1. - Transects: Contractor shall at reef areas adjacent to each of the eleven
coral community stations conduct line transects to allow an assessment of the density of sclerae-
tinian (stony) coral colonies in each area (corals/square meter).
Task 2 - Quadrats: Contractor shall conduct an in situ qualitative (species identifi-
cation) and quantitative (species counts) inventory of all sessile flora and fauna found within
eleven 2 x 2 meter (m) pre-established, coral community monitoring stations.
Task 3 - Cores: Contractor shall sort and identify to the taxon as low as reasonably
achievable all specimens larger than 0.5 mm stained with Rose Bengal contained in sand core
samples obtained from offshore soft bottom sites, one sand site immediately seaward of the "toe
of fill" at the discharge beach and one control sand site an equal distance offshore of Dania
Beach, Florida. There will be two (2) offshore soft bottom sites (one inside the borrow area, and
one north of the borrow area). Broward County will supply to the Contractor eighteen hand
collected core samples from each of the four above described soft bottom areas for a total of 72
samples.
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2.0 METHODS AND MATERIALS
2.1 Field Efforts
2.1.1 Selection of Sampling Locations
2.1.1.1 Transect and Quadrat Sites
Eleven Broward County reef sites were selected for detailed biological monitoring of the
stony coral community. Figure 1 shows monitoring sites off the beach fill area and sites near the
borrow area. Four sites (1, 2, 3, and 4) were chosen in the vicinity of the borrow area (offshore
of Hollywood). Sites 1 and 4 were at approximately 50 ft depth on the outer edge of the Second
Reef. Sites 2 and 3 were in approximately 60 ft depth on the nearshore edge of the Third Reef.
Six sites (5, 6, 7,8,9, and 10) were chosen in the vicinity of the beach fill area. An addi-
tional site (11) was chosen to the north as a reference. Sites 5 and 6 were in approximately 10 ft
water depth on the nearshore reef. Sites 7 and 10 were at approximately 30 ft depth on the
Second Reef off the fill area. Site 11 was at similar depth to the north outside of the fill area off
Ft. Lauderdale. Sites 8 and 9 were in 55 ft water depth on the Third Reef. Site 9 could not be
relocated for the first Post-Construction survey and was abandoned in subsequent surveys.
2.1.1.2 Cores Sites
Four stations were selected for monitoring the effects of dredging and beach renourishment
on infaunal communities inhabiting unconsolidated substrates (Figure 1). Two stations were
chosen in the vicinity of the Borrow Area to monitor the direct effects of dredging on these
communities. Station BA (BORROW AREA) is located within and just north of the center of
the borrow area. Pre-dredging depth of BA was approximately 65 ft and post-dredging depth is
approximately 72 ft. Station DC (DEEP CONTROL) is located about 1,800 ft due north of the
previous station on an unconsolidated substrate between the Second and Third Reef lines at
approximately 60 ft depth.
Two stations were chosen in the vicinity of John U. Lloyd Beach to monitor the effects of
erosion or sediment redistribution associated with renourishment. Station JUL (JOHN U.
LWYD) is located about 500 ft directly offshore of the "toe of fill" at the beach discharge. Sta-
tion DB (DANIA BEACH) is located a similar distance offshore of Dania Beach, about 600 ft
south of Dania Beach Pier. Depth at both stations is approximately 10 ft.
2.1.2 Field Assessment Methods
2.1.2.1 Transects
Following an initial survey of each site, SCUBA divers drove metal stakes (rebar) into the
reef to define a transect of 20 m length along the reef surface. For Sites 4, 10, and 11 for Phase
I and Phase II, the full transect length was 40 m to allow additional data collection for a bleach-
ing study. Data from the first 20 m only of these transects is considered in this report. Transects
were oriented in an approximate north-south direction. Transects were implemented by secur-
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ing a tape measure (graduated in centimeters (cm)) between the 20 m interval metal stakes.
2.1.2.1.1 Belt-Quadrat Transect
Each reef site was assessed by laying a quadrat of known area (either 0.375 or 0.75 m2)
sequentially along first one side and then the other of the initial 20 m of the transect line. For
Sites 4, 10, and 11 (40 m transects in Phases I and II), only data from the initial 20 m were used
for consistency. The stony corals within each quadrat were identified to species and sized
(either approximate diameter for hemispherical or length and width for subrectangular
colonies). Corals with diameters less than 1 em were omitted from analysis. The species
Siderastrea siderea and Siderastrea radians were grouped as Siderastrea spp. because of
difficulties with precise field identification. The hydrozoan Millepora alcicornis also was
included in the assessment. Corals, if bleached, were so noted.
Sites 4, 10, and 11 were assessed in July, 1988 using the above methods. These data (20 m
transect length), although not part of the present contract, are included in the tables because they
provide an extra, pre-dredging comparison period.
2.1.2.1.2 Loya Transect
The so-called Loya Plotless Line Transect Method was originally intended to be used in
this study. However, from data collection and results comparisons during a separate study (the
initial "Immediate" Bleaching Study), it was determined that the Loya Transect Method was
less effective in meeting the study goals. Therefore, only the Belt-Quadrat transect method was
utilized. This departure from the original plan was discussed with the Broward County Envi-
ronmental Quality Control Board (BCEQCB) and the revised method approved by Louis Fisher
in April, 1989.
Shannon-Weaver Diversity Indices for stony corals (including Millepora alcicornis) were
calculated for each transect. Two indices were calculated, one based on numerical abundance,
H'N, and one based on coverage abundance, H'C. The calculation procedure for H is given
below under 2.1.3.1 for cores. The proportions, p., were based upon either numerical a~mdance•
for H'N or coverage abundance for H'C.
2.1.2.2 Quadrats
At each of the eleven quadrat stations, four metal stakes, previously implanted by
BCEQCB personnel, defined the corners of a 4 m2 quadrat. Initial examination by SCUBA
divers indicated if any stakes were dislocated or lost. Following this survey, and replacement of
, stakes, where necessary, SCUBA divers tied a length of plastic tape around the stakes to define
the quadrat perimeter. Census of macroepibenthos within each quadrat was facilitated by using a
1.0 m2 PVC subquadrat divided into 0.25 m2 subdivisions. Macroepibenthic organisms were
identified and counted in situ. When specific identifications could not be made, samples from
outside the quadrat were collected, transferred to plastic bags, preserved in 70% ethanol or fixed
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in 10% borate-buffered formalin, and transported to the laboratory for subsequent identification.
A series of color photographs were taken of each quadrat. Underwater photographs were taken
using a Nikonos V camera with 28 mm or 20 mm lens affixed to an aluminum tripod. Mosaics
were compiled from the photographs to facilitate future reference comparison of general pre- and
post-dredging conditions.
Certain taxa, notably algae, encrusting alcyonarians, and zoanthideans, were difficult to
enumerate because, in many cases, it was not clear whether a single colony or cluster of separate
colonies was present. Similarly, it sometimes was difficult to assess if loose associates of ascid-
ians represented colonies or isolated zooids. Comparisons of pre- and post-dredging photo-
graphs was conducted to assess if single large colonies were deteriorating into clusters of smaller
(but numerically greater) colonies. Some of these forms were noted as numerous, but uncounted,
organisms in colonies or clusters.
The major taxonomic groups of organisms identified are as follows: Porifera, Cnidaria
(Alcyonaria, Scleractinia, Zoanthidea) and algae. Minor components included Ascidiacea,
Hydrozoa, and Polychaeta.
2.1.3 Laboratory Assessment Methods
2.1.3.1 Cores
Unconsolidated sediment samples were diver collected with a hand-held coring apparatus.
Each sediment sample was transferred underwater to a plastic bag and fixed on shipboard in 10%
borate-buffered formalin solution containing Rose Bengal. Eighteen replicate cores were taken
at each of the four core stations (JUL, BA, DB, DC).
At the laboratory, each replicate sample was separately washed with sea water through a
0.5 mm mesh Nalgene screen. Organisms and sediment retained on the screen were decanted'
into a 70% ethanol solution and stored in glass jars pending sorting.
Organisms were sorted initially to phylum or general morphological form (e.g., Mollusca,
Crustacea, "worm", "other") and subsequently to lowest recognizably distinct taxa. Only organ-
isms apparently alive at the time of collection were counted (i.e., dead molluscan shells were not
considered). Replicate samples were subsequently composited, as approved by Mr. Louis Fisher
of the BCEQCB. Specimen identifications were undertaken by Nova University staff and var-
ious taxonomic specialists recognized as authorities for the specific taxa they were asked to
identify (Appendix 4).
Shannon-Weaver Diversity Indices were calculated for each core site and each period
using the following equation:
H' =-Lp ln p,
I I
i=l
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where P. is the relative abundance of species i. H' increases with increasing number of species S.,
For any given S, H' reaches a maximum value (H'max) when all values of p are equal (pj = P2 =
Pr.)' and H' equals In S. Because H'is primarily affected by species number rather than by
abundances of common or rare species or by species of moderate abundance. Evenness (1') also
has been calculated for each core site at each period using the equation:
l' = H'/H' = H'/ln S (2)max
As a ratio between the Diversity Index (H') for a given station and the maximum possible
diversity index (H' ) for the number of species and specimens at that station, Evenness (1')max
gives an indication of how close the data come to maximum possible diversity.
3.0 RESULTS
3.1 Transect Results
3.1.1 Belt-Quadrat Method
A relatively large bottom area of 30 m2 was assessed at each reef site. Figure 2 shows the
species-area curves calculated from the Belt-Quadrat transect at each site in the pre-construc-
tion assessment. These curves plot the cumulative number of coral species encountered versus
the cumulative number of square meters of reef sampled. When the curve shows pronounced
leveling, a sufficient area of reef has been assessed to obtain a representative sample. Most
curves show pronounced leveling by approximately 20 m2, which confirms that the 30 m2 area is
sufficient for assessment.
Figure 3 depicts the population parameters versus depth of each individual station for the
preconstruction data. In general, coral density increases with depth, although several of the
deeper stations have low density (Sites 8 and 3). Coral coverage is not as markedly correlated
with station depth. It is noteworthy that the site with highest density (Site 9) has the lowest
coral coverage. There appears to be a trend of increasing Evenness (H'C/HMAX, H'N/HMAX)
with depth, although variability is high. There is a general trend of increasing diversity (H'C,
H'N) with depth.
Table 1-1 (Appendix 1) provides statistics describing the coral community for each of the
three assessments (Preconstruction, 30 day Post-construction, 1 year Post-construction). Includ-
ed are total number of corals sampled, percent coral coverage, coral density, and diversity in-
dices. Diversity statistics included both number of species and the Shannon-Weaver Diversity
Index (calculated both on coral abundance, H'N, and coral coverage, H'C). Evenness, using
the two methods, also is provided. Detailed data for each station, including a breakdown of areal
coverage of each species, number of specimens and percentage of coral are included. Note that
percent coverage figures may be different from those presented in previous reports. This is
because a systematic error was found in the previous calculation procedure (Lotus formulation)
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which has now been corrected.
Table 1-2 (Appendix 1) provides a summary of individual station and average station
transect results. For averaging, stations have been grouped by general location.
Variability in a given coral parameter for the same site between assessment time periods
may result from several factors. There may be a real change in the coral community over time
(e.g, actual changes in numbers and sizes of coral colonies). Alternatively, differences from one
period to the next may be the result of the transect position having changed (slightly or greatly).
Transect movement causes changes because the reef site sampled is not homogeneous over
space. Consequently, transect parameter values differing from one period to the next have at
least two components of variability: a real change in coral community structure and/or a moved
transect
In this srudy, each transect location was fixed between two points: the start and end stake
of the transect line (20 m). The start stake was one of the four Quadrat stakes and was initially
identified in notes and on the photographs of the Quadrat. A variety of factors could have affect-
ed transect position from one period to the next. It is possible that the start stake was misidenti-
fied at subsequent occupations. In addition, the initial or final stake could have shifted slightly
between occupations. Another likely cause of transect placement error could have been a varia-
tion from a straight line caused by an obstruction (e.g., a gorgonian or other prominence). While
the end points of the transect may have been exactly maintained, the transect would be offset due
to the unnoticed deviation from a straight line. In low visibility conditions, a small angle of
"bend" is often difficult to observe. The relatively long distance of the transects used in this
study (20m) may have contributed to repositioning error.
Ideally, use of a "fixed" transect position should eliminate variability caused by reef heter-
ogeneity. However, introduction of transect movement means that calculated changes in a
parameter include that variability component. The preceding discussion does not mean that the
transect data is not valid or useful. Changes greater than variability among transects at the same
time period on the same reef should tend to reflect the "real" changes over time, if any. Coeffi-
cients of variation have been used to estimate variability among transects. A typical coefficient
of variation of a mean parameter within a reef type is 30%. Therefore, shifts in transect values
greater than this begin to suggest that true change has occurred. In addition, these results should
be judged in concert with those from the 2x2 m fixed Quadrats. The positions of the Quadrats
were less likely to change over time. Consequently, the degree of change in the Quadrats over
time may serve as a potential guide to judging the relative variability of the transect results.
3.1.2 Site Comparisons
Figure 4a presents stony coral coverage and Figure 4b presents density for each site at each
assessment period. Figure 5 shows changes in coverage and density for each site among each
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period combination. Figure 6 presents mean coverage and density for borrow and fill sites at
each period. Figure 7 presents changes in mean coverage and density. A discussion of results by
sites and site groupings follows (see individual site comparisons of Table 1-1 and summary
Table 1-2 (Appendix 1)).
3.1.2.1 Borrow Area Sites
Site 1: SW Borrow. 2nd Reef. Depth 45 ft
Percent coral coverage decreased slightly (1.5% to 1.2%) between Survey I and II, from
March to September, 1989. The species data indicate this is primarily from a decrease in one or
two colonies of Montastrea cavernosa (CY). Percent coral coverage rose slightly one year later
(to 1.3%) in August, 1990 (Survey III). Density decreased between each survey period (3.9 to
3.4 to 2.9 corals/nr'), It is difficult to ascribe great significance to the transect density decrease,
given that the fixed quadrat (2x2 m) density increased for hard corals.
Site 2: SE Borrow. 3rd Reef. Depth 55 ft
Percent coral coverage increased slightly between the first two survey periods (3.0% to
3.1%) and dropped slightly (2.8%) in the final survey. Coral density decreased between the first
two periods from 3.0 to 2.3 corals/nr' and returned to 3.0 corals / m2 at the third period. The two
most abundant species (Montastrea annularis - MA and Meandrina meandrites - ME) changed
dramatically (and roughly inversely) in coverage and number of colonies. This suggests that the
transect line position may have been slightly altered from one period to the next
Site 3: NE Borrow. 3rd Reef. Depth 55 ft
Percent coral coverage remained essentially the same in the first two survey periods (2.6%
to 2.5%) and decreased (1.9%) in the third and final period. The decrease appeared to be pri-
marily from decreased M. cavernosa and M. annularis coverage. Density showed a slight de-
cline (2.0, 1.9, 1.8) over the three periods.
Site 4: NW Borrow. 2nd Reef. Depth 47 ft
Four comparison periods are included in Table 1-1 for reference. Only three periods are
graphed and included in Table 1-2. Percentage coral coverage was similar in July, 1988 and
February, 1989 (1.2%). In September, 1989, however, coverage increased to 1.8%. In the final
survey period, coverage decreased (to 1.3%), but was still above the February, 1989 levels.
Density remained essentially the same (3.2, 2.9, 3.0) throughout the last three periods. Density
was higher in the first July, 1988 survey. This lends suspicion that there may have been a tran-
sect relocation problem from the first (July, 1988) to the second (February, 1989) occupations.
Genera! Borrow Area Sites:
Changes between each assessment period were relatively slight for the mean parameter of
coral coverage and moderate for coral density at the four Borrow Area sites.
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Mean percentage coverage for the four borrow area sites increased slightly from 2.07% to
2.15% from Survey I (March, 1989) to Survey II (September, 1989). Coverage decreased to
1.8% in Survey III. Mean density decreased from 3.0 to 2.6 corals/rrr' from the first survey
(March, 1989) period to the second survey (September, 1989). Density remained the same at 2.6
in the final third survey (August., 1990). The coefficient of variation for the period means
ranged from 37-42% for coverage and from 22-26% for density. The observed changes for each
mean parameter between assessment periods were within the variability of that parameter among
borrow sites. Therefore, it is difficult to impart significance to the period differences because of
the high natural variability. Probable movement of transect positions among periods also im-
parts variability to the results and engenders less certainty to the significance of small differences
among the means.
Results for the Borrow Area sites indicate that relatively small to moderate changes in the
coverage and density of corals have been observed over time. In light of the considerable varia-
bility among sites at the same time period and even within a single site in the same time period,
observed differences are not considered consistent with major detrimental renourishment effects.
The decrease in net mean density is primarily the result of the change at Station 1. This change
may have been real or caused by transect placement variability.
3.1.2.2 Fill Area Sites
Site 5: North Fill. 1st Reef. Depth 10 ft
Percentage coverage of corals decreased from 1.5% to 1.0% from the first (March, 1989)
to the second (September, 1989) survey period. The decrease appears to be a result of loss of
Acropora cervicornis (AC) and Diploria clivosa (DC). Coverage increased to 1.1% in the final
(August, 1990) survey period. Density increased from 0.9 to 1.1 corals/m2 from the first (March,
1989) to the second (September,. 1989) survey. The increase may have been from an increased
number of Siderastrea sp. specimens. Density decreased to 0.6 in the final (August, 1990)
survey. A decrease in Siderastrea seems to have been responsible.
Site 6: South Fill. 1st Reef. Depth 9 ft
Percentage coral coverage decreased from 1.3% to 1.1% from March, 1989 to September,
1989. The decrease appears to have resulted primarily from a decrease in coverage of Porites
astreoides colonies. Coverage increased to 1.4% in the final August, 1990 survey period. This
appears to have been primarily from an addition of D. clivosa colonies. Density increased slight-
ly from 1.4 to 1.5 corals/m2 from the first (March, 1989) to the second (September, 1989) period.
Density decreased to 1.0 in the final (August, 1990) survey.
General First Reef Fm Sites: Sites 5 and 6
Both First Reef fill sites showed a general pattern of decreased coverage in the second
(August, 1989) survey period compared to the first (August, 1989) or third (September, 1990).
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One site showed the first period less than the third, while the other site showed first period
coverage greater than the third. Density in the second survey (August, 1989) was increased over
the first period (February, 1989). In the third survey (September., 1990), density was less than
both the first and second period.
There did not appear to be gross errors in transect placement between assessment periods
at Fill Area sites. The observed changes between assessment periods over time generally fall
within the coefficient of variation (7-16% for coverage; 20-33% for density) between sites within
periods. Consequently, the observed changes among site means over time are not easily distin-
guishable from renourishment effects or other causes (e.g., natural variability). The small rela-
tive decrease in coverage and increase in density for the second assessment period compared to
the first and third is not indicative of major detrimental renourishment effects.
Site 7: South Fill. 2nd Reef. Depth 30 ft
Percentage coral coverage increased slightly 0.8% to 0.9% from March, 1989 to August,
1989. M. cavernosa made coverage gains whileD. clivosa showed declines. Coverage in-
creased again to 1.0% in the final survey (August, 1990). Density decreased from 2.0 to 1.7
corals/m- from March, 1989 to August, 1989 and remained at 1.7 in the final survey (August,
1990).
Site 8: South Fill. 3rd Reef. Depth 50 ft
Percentage coral coverage remained essentially the same (1.0%) from March, 1989
through August, 1989 to the final (August, 1990) survey. There was high variability over time
for some individual species, e.g., M. cavernosa (CY) and Solenastrea hyades (SL). Density
remained the same at 1.2 corals/rrr' over the first two survey periods and increased to 1.4 in the
final survey.
Site 9: North Fill. 3rd Reef.. Depth 55 ft
This site could not be relocated during Survey II. A total of 6 dives were expended in
attempts to relocate the site. The site was not found or assessed for Survey II or III.
Site 10: North Fill. 2nd Reef. Depth 27 ft
This site showed decreased percentage coral coverage from 1.4% to 1.3% from March,
1989 to Sept, 1989. Coverage declined to 1.0% in the final (August, 1990) survey. Changes
came primarily from decreased coverage of M. cavernosa (CY), M. meandrites (ME), and
Dichocoenia stokesii (SK). Density also decreased from 1.9 to 1.4 corals/rrr' from February,
1989 to August, 1989. Half of the density decrease came from D. stokesii (SK) with the re-
maining decrease spread approximately evenly among the remaining species. Density remained
at 1.4 in the final (August, 1990) survey.
It is possible that there was a transect placement problem at the First Reef Fill Area sites.
This is because an abrupt change in species composition and coverage occurred between periods.
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This seemed more consistent with placement errors rather than detrimental effects from renour-
ishment.
General Fill Sites. Second and Third Reefs: Sites 7. 8, 10
On average these three sites remained the same (1.1%) in coral coverage from March, 1989
to September, 1989. In the final survey, coverage decreased slightly to 1.0%. Density changed
from 1.7 to 1.4 to 1.5 corals/m/, The coefficient of variation for the mean of any given period is
between 4-29% for coverage and 13-24% for density. Both sets of coefficients include the range
of observed changes between period means. The observed changes among site means over time
are not distinguishable from renourishment or other (e.g., natural variability) causes. Higher
algal cover in the first Postconstruction assessment (August, 1989) may have been responsible
for at least part of the observed changes in coral parameters.
General Fill Sites, First, Second and Third Reefs: Sites 5,6.7.8,10
Except for minor differences, the conclusions noted above for the Second and Third Reefs
applies. On average these five sites decreased slightly (1.2 to 1.1%) in coral coverage from
March, 1989 to September, 1989. In the final survey, coverage remained at 1.1%. Density
changed from 1.5 to 1.4 to 1.2 corals/rrr'. The coefficient of variation for the mean of any given
period is between 13-26% for coverage and 17-34% for density. Both sets of coefficients in-
clude the range of observed changes between period means. Therefore, the observed changes
among site means over time are not easily distinguishable from renourishment, other, or natural
variability causes. Higher algal cover in the first Post-construction assessment (August, 1989)
may have been responsible for at least part of the observed changes in coral parameters.
Site 11: Ft. Lauderdale Control, 2nd Reef. Depth 30 ft
This site showed an increase from 0.8% to 1.2% percent coral coverage from the first
(March, 1989) to the second (September, 1989) survey. Coverage decreased to 0.7% in the final
assessment. Density changed from 1.1 to 0.9 to 1.0 corals/rrr' over the assessment periods.
Dramatic increases were seen in the coverage of several species, Colpophylia natans (CL) and
M. meandrites (ME), which suggested possible transect placement variability.
Summary
Figure 7 and Table 1-2 (Appendix 1) summarize changes in coverage and density by
groups of sites. Mean coverage differences among surveys shows a pattern of decreases and
increases, none very dramatic in quantity and within the coefficient of variation. All groups
(Borrow, Fill, and the Control site) show a slight net decrease in coverage. Mean density differ-
ences appear to be of slightly greater magnitude. All groups (Borrow, Fill, and the Control site)
show a net decrease in density. The relatively large decrease of net mean density for the Borrow
sites is primarily the result of the change (net decrease) for Station 1. As discussed, that decrease
may be real or the result of transect placement error. Comparable changes in density for the
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fixed 2 x 2 m quadrat did not occur.
3.2 Quadrat Results
Tables 2-1 through 2-10 (Appendix 2) provide a listing of macrofauna and macroflora
observed at each quadrat organized by major groups. Abundance and richness data also are
enumerated. Descriptions of each quadrat by survey period follow.
3.2.1 Quadrat Summaries
QUADRAT I: Southwest of Borrow Area. 2nd reef. Depth 45 feet.
Survey I (14 March 89): Low relief hard substrate with numerous alcyonarians and
,sponges; substrate chiefly barren.
Survey II (15 September 89): marked increase in macroalgal biomass and species richness
although bare patches remain; net increase in hard corals (recruitment of Stephanocoenia michel-
ini and a small Scolymia sp. or Mussa angulosa; decline and partial overgrowth by algae of a
small colony of staghorn coral, Acropora cervicornis); marked net recruitment of sponges (e.g.,
Homaxinella rudis, Niphates erecta, Spirastrella coccinea; but loss of some unidentified pale,
lobate encrusting sponges); net loss of alcyonarians (Briareum asbestinum, Pseudopterogorgia
americana; but increase in Erythropodium caribaeorum, Eunicea fuscay; initial recruitnient of
polychaete worms.
Survey III (24 August 90): maintenance of high macroalgal biomass and richness; net
increase in hard corals (e.g., Siderastrea siderea); marked net decrease in sponges (Callyspongia
vaginalis, Homaxinella rudis, Spirastrella coccinea, an unidentified clathriid, and an unidentified
pale, lobate species; but continued increase in the sponge Niphates erectay; net decline in alcyo-
narians (e.g., E. caribaeorum, Eunicea fusca; increases in B. asbestinum and Plexaura flexuosay;
marked recruitment of an undescribed styelid tunicate,
Quadrat exhibits overall net increase in hard coral and sponge abundance and richness, and
a decline in alcyonarian abundance and richness. Table 2-1 (Appendix 2) presents a summary of
macroepifaunal abundance and richness encountered at Quadrat I during each survey.
QUADRAT 2: Southeast of Borrow Area. 3rd reef. Depth 55 feet.
Survey I (14 March 89): Low relief hard substrate with abundant sponges and scattered
alcyonarians; macroalgae present as scattered small thalli; hard coral cover about 4.5%; large
colonies (2 Diploria strigosa and 2 Montastrea cavernosa) clearly in decline, either with dead,
algae-covered patches, or with living tissue retreating from original colony margin.
Survey II (I September 89): substrate remains largely barren--macroalgae still present only
as scattered small thalli; marked recruitment of hard corals (e.g., Dichocoenia stokesi, Diploria
strigosa, Madracis decactis, Montastrea cavernosa; living tissue area of the largest D. strigosa
colony continues to shrink and splits into three separate areas); marked increase in sponges (e.g.,
Callyspongia plicifera, unidentified clathriid and clionids, Iotrochota birotulata, Niphates erecta,
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Pseudaxinella lunaecharta and Ulosa ruetzleri); net increase in alcyonarians (Erythropodium
caribaeorum, Euniceafusca; decline in Plexauraf/exuosa); initial appearance of sabellid and
serpulid polychaetes and an unidentified flabelliform bryozoan; loss of three thorny oysters,
Spondylus americanus.
Survey III (6 August 90): moderate increase in macroalgal cover; net loss of hard corals
(D. stokesi, M. cavernosa; largest D. strigosa continues to shrink; living tissue no longer com-
pletely surrounds dead patch on another D. strigosa head; 5 Montastrea annularis appear to be
separate parts of a single dying head, most likely misidentified as small pioneer colonies of
Stephanocoenia michelini in survey 1); net reduction in sponges [e.g., Amphimedon compressa,
Ulosa ruetzleri and unidentified clionids and a clathriid; increase in Spirastrella coccinea; gain
attributed to Niphates erecta due to numerous small recruits of uncertain identity (possibly
Dysidea etheria)]; marked decline in numbers of E. caribaeorum (accompanied by increase in B.
asbestinum); several colonies of fire coral, Millepora alcicornis, grow on an abandoned fishing
line. Figure 8 depicts the changes observed in the D. strigosa colony noted above.
Quadrat exhibits overall net increases in abundance and richness of hard corals and
sponges, and in abundance of alcyonarians; alcyonarian species richness remains unchanged.
Table 2-2 (Appendix 2) provides a summary of macroepifaunal abundance and richness at
Quadrat 2 during each survey.
QUADRAT 3: Northeast of Borrow Area, 3m reef. Deoth 55 feet.
Survey I (IS March 89): Low relief hard substrate with numerous sponges and alcyonar-
ians; macroalgae present as scattered small thalli.
Survey II (15 Sept 89): marked increase in cover, biomass and richness of macroalg
ae
;
increase in hard coral abundance and richness (e.g., Dichocoenia stokesi, Siderastrea siderea);
marked increases in sponges (e.g., Aplysina cauliformis, Niphates erecta, Spirastrella coccinea,
Ulosa ruetzleri and an unidentified clathriid; but losses of one specimen each of the sponges
Agelas conifera. Callyspongia plicifera, Homaxinella rudis, Niphates digitalis and Iotrochota
birotulata); likely net increases in alcyonarians (Briareum asbestinum. Eunicea fusca) obscured
by difficulty in quantifying E. caribaeorum in survey I.
Survey III (15 August 90): further increase in macroalgal carpet; slight reduction in hard
corals (D. stokesi; hard corals identified as Solenastrea bournoni and Stephanocoenia michelini
are represented by small colonies that may be mutually misidentified; taken together, they in-
crease from one two to colonies over the course of the study); marked net decrease in sponges
(Nip hates erecta, Spirastrella coccinea and Ulosa ruetzleri; both of the single specimens of C.
plicifera and Rhaphidophlus juniperinus disappear; increases in Amphimedon compressa and
Pseudaxinelia lunaecharta); net decrease in alcyonarians (B. asbestinum, E.fusca); first appear-
ance of unidentified fan bryozoans, sabellid polychaetes and Millepora alcicornis; marked in-
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crease in an unidentified styelid tunic ate. Figure 9 depicts a number of observations regarding
macroalgal coverage and the condition/appearance of a coral colony located in Quadrat 3.
Quadrat exhibits overall net increase in hard coral and sponge abundances; changes in
alcyonarian community unclear; species richness for all three groups essentially unchanged.
Table 2-3 (Appendix 2) provides a summary of macroepifaunal abundance and richness at
Quadrat 3 during each survey.
illJADRAT 4: Northwest of Borrow Area. 2nd reef. Depth 47 feet.
Survey I (15 March 89): Low relief hard substrate with numerous sponges and alcyonar-
ians; substrate largely barren; approximately 20% of the Quadrat area is sand; the Quadrat stakes
enclose an area significantly larger than 4m2; all surveys are restricted to a 4m
2
area within the
Quadrat (marked off from the southern stake with a 1m2 PVC Quadrat frame).
Survey II (8 September 89): substrate largely covered with dense, diverse macroalgal
carpet; increase in numbers and richness of hard corals [Dichocoenia stokesi, Stephanocoenia
michelini, Scoiymia sp. (possibly Mussa angulosa); marked net decrease in abundance and rich-
ness of sponges (e.g., Aplysina cauliformis, Niphates erecta, Spirastrel/a coccinea; complete loss
of Callyspongia vaginalis,lotrochota birotulata, unidentified clathriid; increase in ?Ecryoplasia
ferox); increase in alcyonarian abundance (e.g., Briareum asbestinum, Euniceafusca. Pseudopte-
rogorgia americana).
Survey III (24 August 90): maintenance of dense macroalgal carpet; hard corals show
slight net reduction but include recruitment of single Agaricia agaricites; marked net increase in
sponges reversing previous loss [e.g., unidentified clathriid, Niphates erecta, Pseudaxinel/a
lunaecharta; initial appearance of, e.g., Ulosa ruetzleri and Xestospongia muta; disappearance
of an unidentified species (possibly Holopsammia helwigi)]; net loss of alcyonarians (e.g., B.
asbestinum. E. caribaeorum); disappearance of the few unidentified styelid tunicates recorded in
survey II.
Quadrat exhibits slight overall net increases in abundance and richness of hard and soft
corals. The sponge community exhibits essentially no overall net change in abundance or rich-
ness because between-survey decreases and increases cancel each other. However, taxonomic
composition changes noticeably between surveys. Table 2-4 (Appendix 2) provides a summary
of macroepifaunal abundance and richness at Quadrat 4 during each survey.
illJADRAT 5: North fill area. 1st reef. Depth 10 feet.
Survey I (2 March 89): Low relief hard substrate dominated by two large flat Diploria
clivosa and several large Pseudopterogorgia spp. colonies; scattered macroalgal cover was not
systematically sampled; hard corals account for about 7% of Quadrat area.
Survey II (1 September 89): macroalgal carpet apparently increases in biomass and rich-
ness; large tufts of filamentous blue green algae overgrowing some alcyonarians; hard corals
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unchanged; increase in abundance of some sponges (Niphates erecta, U/osa ruetzleri, unidenti-
fied clionid) although total abundance not quantified due to difficulty in counting numerous
small encrustations of Spirastrella coccinea; increase in alcyonarians (e.g., Eunicea mammosa
group; first appearance of Erythropodium caribaeorum) but several colonies partly overgrown or
killed by filamentous drift algae; marked increase in green colonial anemone, Zoanthus sp.
Survey III (9 August 90): apparent increase in algal cover, especially filamentous drift
algae; hard corals exhibit no changes except for expansion of dead patch visible in survey I on
one Dichocoenia stokesi; declines in abundance of several sponges (e.g., Amphimedon compres-
sa, Niphates erecta, U/osa ruetzlerii accompanied by initial recruitment of Ap/ysina fistularis
and Haliclona viridis; marked reduction in alcyonarians (e.g., Briareum asbestinum; disappear-
ance of single colonies of Pseudopterogorgia americana and Pterogorgia citrina) with contin-
ued algal overgrowth; initial appearance of sabellid polychaetes and a single Millepora alcicor-
nis. Figure 10 depicts quadrat changes with respect to the condition of aD. clivosa colony and
macroalgal coverage at Quadrat 5.
Quadrat exhibits slight overall net increase in sponge species richness, a marked decline in
alcyonarian abundance and richness (apparently due to macroalgal overgrowth), and no changes
in numbers or richness of hard corals. Table 2-5 (Appendix 2) summarizes macroepifaunal
abundance and richness at Quadrat 5 during each survey.
OUADRAT 6: South fill area, 1st reef, Depth 9 feet.
Survey I (2 March 89): Moderately low relief with few scattered sponges and alcyonarians;
macroalgae limited to small scattered thalli, not systematically collected.
Survey II (30 August 90): macroalgal cover appears to decline-substrate largely barren;
only change in hard corals is apparent loss of single small Porites astreoides; increase in num-
bers of some sponges (e.g., Amphimedon compressa, Niphates erecta) although total numbers
not quantified due to numerous small encrustations of Spirastrella coccinea; slight increase in
alcyonarians (E. caribaeorum, Eunicea mammosa group); initial appearance of a sabellid poly-
chaete, an unidentified encrusting bryozoan and green colonial anemone.
Survey III (9 August 90): apparent increase in macroalgal species richness but substrate
remains largely barren; no net change in hard coral abundance [I Acropora cervicornis recruited,
1 (6-cm) Madracis decactis lost (sheared off--not killed by sedimentation), 1 Siderastrea siderea
lost, 1 Porites astreoides either recruited or relocated from survey I]; net decrease in sponges
(e.g., Ap/ysinafistu/aris, Spirastrella coccinea, Niphates erecta; complete loss of Amphimedon
compressa; but initial recruitment of Haliclona viridis); virtually no change in alcyonarians (lost
Eunicea mammosa group offset by recruitment of Erythropodium caribaeorum and Pterogorgia
citrina); marked increases in sabellid polychaetes and Zoanthus sp.
Quadrat exhibits net loss of single small coral colony although actual changes include
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recruitment and loss of several colonies belonging to four species; sponges exhibit a clear (but
unquantified) decline in abundance but an increase in numbers of species; alcyonarians exhibit
an increase in abundance and richness. Table 2-6 (Appendix 2) summarizes macroepifaunal
abundance and richness at Quadrat 6 during each survey.
QUADRAT 7: South fill area. 2nd reef. Dc:pth 30 feet.
Survey I (7 March 89): Moderately high relief hard substrate with small areas of sandy
sediment, scattered sponges and alcyonarians; few hard coral colonies chiefly very small; the
colonial anemone, Palythoa mammillosa, accounts for about 6% of the Quadrat area; algal cover
is sparse; substrate largely barren.
Survc:y II (30 August 89): marked increase in macroalgal density and richness; decrease in
hard corals (possibly due to difficulty in locating small coralla under macroalgal carpet); slight
decrease in sponge abundance (e.g., Amphimedon compressa, Spirastrella coccinea) but slight
increase in numbers of species (?Ectyplasiajerox, Ircinia felixy; net increase in numbers of
alcyonarians (e.g., Eunicea fuscay; marked increase in numbers and species of sabellid poly-
chaetes (including Sabellastarte magnifica).
Suryc:y III (IS August 90): maintenance of dense macroalgal carpet; marked increase in
abundance and richness of hard corals (recruitment of ?Eusmiliajastigiata, Dichocoenia stokesi,
Stephanocoenia michelini, and numerous Siderastrea sidereai; marked increase in sponge
abundance and richness (e.g., Amphimedon compressa, Niphates digitalis, N. erecta, Spirastrella
coccinea, initial appearance of e.g., Homaxinella rudis, unidentified clathriid; but decline in
Rhaphidophlus juniperinus); increase in abundance (Erythropodium caribaeorum, Eunicea
jusca) and slight decrease in species richness (e.g., Pseudopterogorgia americana) of alcyonar-
ians; net decrease in polychaete worms.
Quadrat exhibits overall net increase in hard coral and sponge abundance and richness, a
net increase in alcyonarian abundance but a slight decrease in alcyonarian species richness.
Table 2-7 (Appendix 2) summarizes macroepifaunal abundance and richness at Quadrat 7 during
each survey.
QUADRAT 8: South fill area. 3m rec:f.Dc:pth 50 f"t.
Survc:y I (7 March 89): Low relief hard substrate with numerous sponges and alcyonarians;
macroalgae sparse; a single large barrel sponge, Xestospongia muta, covers about 6% of the
Quadrat.
Suryc:y II (13 September 89): macroalgae increase markedly in density and richness, partly
overgrowing several sponges; several organisms, including the large Xestospongia muta and an
alcyonarian, Plexaurel/a sp., are completely tom out, apparently by a shifting Navy cable; hard
corals unchanged except for one small recruit of Montastrea cavernosa; marked net declines and
losses of sponges (e.g., Aplysina lacunosal; Callyspongia fallax, Niphates erecta, Ulosa ruet-
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zieri) only partly due to shifting cable; a few species increase (Homaxinella rudis, Spirastrella
coccinea); marked net decrease in alcyonarians (E. caribaeorum, PIexauraflexuosa); recruitment
of single Millepora aicicornis.
Survey III (9 August 90): maintenance of dense maeroalgal carpet dominated by Halimeda
opuntia forma minor; slight net decrease in hard corals (loss of 1 small Dichocoenia stokesi;
small recruit of M. cavernosa recorded in survey 11not found again); very slight increase in
alcyonarians (B. asbestinum, E. caribaeorum; initial appearance of Eunicea mammosa group; but
loss of some E.fusca and PIexauraflexuosa); small increase in Millepora aicicornis; marked
increase in undescribed styelid tunic ate.
Quadrat exhibits slight overall net decreases in coral abundance (-1) and sponge species
richness (-2), a marked decrease in alcyonarian abundance but a slight (+1) increase in alcyonar-
ian species richness. Table 2-8 (Appendix 2) summarizes macroepifaunal abundance and rich-
ness at Quadrat 8 during each survey.
OUADRAT 10: North fill area. 2nd reef. Depth 27 feet.
Survey I (24 February 89): Rugged relief hard substrate with abundant sponges, scattered
alcyonarians, and a small area of sand and rubble; the colonial anemone, Palythoa mammillosa,
covers about 12% of the Quadrat area; macroalgal cover very low; scattered hard corals cover
about 2% of the Quadrat area.
Survey II (31 August 89): marked increase in macroalgal density and richness; marked
decrease in hard corals restricted to small colonies (Agaricia sp., Montastrea cavernosa, Dicho-
coenia stokesi; but recruitment of ?Diploria strigosay; slight increase in sponge abundance (e.g.,
Niphates erecta, lrcinia strobilina; but loss of some Ulosa ruetzleri, Amphimedon compressa);
virtually no change in alcyonarians although several colonies are partly or completely covered
with filamentous drift algae.
Survey III (6 August 90): maintenance of dense macroalgal carpet; slight decrease in hard
corals (e.g., Siderastrea siderea; some variations probably due to difficulty in locating small
colonies under macroalgal carpet; small colonies of Solenastrea bournoni and Stephanocoenia
michelini possibly mutually misidentified--both species taken together account for the same
number of colonies at the beginning and end of the project); slight net decrease in sponges in-
cludes reduction in some species (e.g., Niphates erecta, lrcinia strobilina) and gains in others
(e.g., ?ApIysinajistuiaris, Spirastrella coccinea); increase in the alcyonarian Briareum asbesti-
num largely offset by losses in other species (Pseudopterogorgia Tacerosa and an unidentified
species), apparently due to macroalgal overgrowth; recorded reduction in numbers of Palythoa
mammil/osa difficult to assess due to possible inconsistent enumeration between surveys of
fragmenting colony. Figure 11 depicts changes to hard corals, alcyonarians, and macroalgal
coverage at Quadrat 10.
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Quadrat exhibits reduction in hard coral abundance and sponge and alcyonarian species
richness; sponges and alcyonarians exhibit slight gains in abundance. Table 2-9 (Appendix 2)
summarizes macroepifaunal abundance and richness at Quadrat JO during each survey.
QUADRAT II: Fort Lauderdale control. 2nd reef. Depth 30 feet.
Survey I(28 February 89): Moderately high relief hard substrate with some sediment pools
and with numerous sponges and alcyonarians; Quadrat is an irregular trapezoid; macroalgae
present as small scattered thalli.
Survey II (31 August 89): marked increase in macroalgal density and richness; slight
decrease in hard corals (single small Montastrea cavernosa lost); net reduction in numbers of
sponges (Niphates erecta, Ulosa ruetzleri; initial recruitment of Homaxinella rudis); increase in
alcyonarian abundance (e.g., B. asbestinum); marked recruitment of sabellid polychaetes; re-
cruitment of single Millepora alcicornis.
Survey III (14 August 90): apparent further increase in density of macroalgal carpet; in-
crease in hard corals (recruitment of Montastrea cavernosa and possible relocation of small
colony recorded during first survey); gain in sponge abundance and richness (including recruit-
ment of clionids and Pseudaxinella lunaecharta; but loss of some second survey recruits of
Homaxinella rudis); net increase in alcyonarian abundance (e.g., B. asbestinum, Eunicea fusca,
Plexaura flexuosa; marked reduction in Erythropodium caribaeorum); disappearance of most
sabellid polychaetes.
Quadrat exhibits overall net increase in hard (slight) and soft (marked) coral abundance
and sponge species richness, and a decline in sponge abundance; sabellid polychaetes exhibit
notable recruitment in the second survey followed by almost complete disappearance in the third.
Table 2- JO (Appendix 20 summarizes macroepifaunal abundance and richness at Quadrat II
durin g each survey.
3.2.2 Major Taxonomic Groups
Sponges (Phylum Porifera, Class Demospongiae) represent the most numerous and diverse
of major macrofaunal groups. A total of about forty species-level taxa are recognized. Abun-
dances range from about fifty to over 150 specimens per Quadrat. Sponges exhibit net increases
in numbers at five Quadrats (I, 2, 3, 7, 10) and decreases at Quadrat II and probably also
Quadrat 6. Variations in Quadrats 5 and 6 could not be documented accurately because of the
difficulty in counting numerous small encrustations of Spirastrella coccinea. Quadrats at Sites 4
and 8 exhibit no net changes in sponge abundances. However, both Quadrats experienced de-
creases in some species from the first to the second survey followed by increases in the same and
other species from the second to the third surveys. Sponge species richness exhibits a net in-
crease at seven Quadrats (I, 2, 4, 5, 6, 7, 11), a net decrease at two (8 and 10) and remains
unchanged at one (3).
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Soft corals (Phylum Cnidaria, Class Alcyonaria) represent the second most numerous and
diverse group. Eighteen species are identified although several more taxa are recognized but not
named, chiefly because of taxonomic difficulties. Abundances range from about a dozen to over
one hundred colonies per quadrat. Soft corals exhibit net increases in abundance in six Quadrats
(2,4, 6, 7, 10, 11) and declines at three (1, 5, 8). Variations in Quadrat 3 could not be accurately
assessed because of difficulties in quantifying colonies of encrusting Erythropodium caribaeo-
rum during the first survey. Net species richness increases slightly at two or possibly three
Quadrats (6, 8, 4?), decline slightly at four (1, 5, 7,10) and remain unchanged in three or four (2,
3,11, 4?). Overall declines in alcyonarian populations at Quadrats 5 and 10 are apparently the
result of overgrowth and smothering by maeroalgae during surveys Il and Ill.
A total of fifteen species of hard corals (phylum Cnidaria, Class Zoantharia, Order Sclerac-
tinia) are recorded from the ten Quadrats; individual Quadrats include four to nine species and
four to 29 colonies. Hard corals exhibit a net increase in numbers at six Quadrats (1, 2, 3,4,7,
11) and net decrease at three Quadrats (6, 8, 10) and no net change at one Quadrat (5). Species
richness increases at four Quadrats (1, 2, 3, 4) and remains unchanged at six. Loss or gain of
hard corals involves small colonies, chiefly less than 5 em across. Large colonies that appeared
healthy at the beginning of the study (February/March 1989: pre-dredging) remain so at the
conclusion (August/September 1990: 1 year post-dredging). Colonies exhibiting declines during
the study were clearly in decline before dredging began. Declining colonies are defined as those
exhibiting dead, algae-covered patches and those in which living tissue has clearly retreated from
a well-defined corallum margin. Hard coral cover, estimated from photographs, is about 1% or
less at seven Quadrats (1, 3, 4, 6, 7, 8,11) and reaches a maximum of about 7% at Quadrat 5.
Here, coral cover is dominated by two large flat colonies of Diploria clivosa, which exhibited no
apparent growth or decline during this study.
Representatives of other invertebrate groups exhibiting clear trends in abundance or rich-
ness are as follows:
Suspension-feeding worms (Phylum Annelida, Class Polychaeta, Families Sabellidae and
Serpulidae) appear in small numbers and only in Quadrats 7, 8 and lOin the first survey. During
the second survey, they first appear in numbers at Quadrats I, 2 and 11, and increase significant-
ly in abundance and richness at Quadrat 7. Polychaetes first appear or continue to increase in
numbers in the third survey at Quadrats 2, 3, 5, 6 and 10. Clear third survey declines occur at
Quadrats 7 and 11. Polychaetes were never recorded at Quadrat 4.
The colonial anemone Palythoa mammil/osa (Phylum Cnidaria, Class Zoantharia, Order
Zoanthidea) is the dominant faunal component at Quadrats 7 and 10, where it occupies about 6%
and 12% of the substrate, respectively. Observed variations in abundance at these two Quadrats
are difficult to assess because colonies of this organism can increase in numbers in the course of
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fragmentation and decline, or coalesce into smaller numbers in the course of growth and expan-
sion. Abundances of another zoanthid, Zoanthus sp., increased dramatically in the second survey
at Quadrat 5 and the third survey in Quadrat 6.
An undescribed species of sea squirt (Subphylum Urochordata, Class Ascidiacea, Family
Styelidae), recognizable as clusters of small orange pea size individuals, exhibits dramatic in-
creases in abundance in Quadrats I, 3 and 8, a slight increase at Quadrat 4, and occurs in substan-
tial numbers throughout the project at Quadrat 2.
Fire coral, Millepora alcicornis, (Phylum Cnidaria, Class Hydrozoa, Order Athecata)
shows slight recruitment at Quadrats 2, 3, 5, 8 and II, and no net changes at Quadrats I and 4.
None occurs at Quadrats 6 and 10.
Variations in macroalgal assemblages constitute the primary change in benthic communi-
ties observed during this project. Apparent biomass and species richness of macroalgae (Cyano-
phyta, Chlorophyta, Rhodophyta, Phaeophyta) increase dramatically from the first to the second
survey in all but two Quadrats (2 and 6) and remain high as of the third survey. Macroalgae was
not systematically collected at all sites during all surveys. Small thalli were likely overlooked,
especially during the first survey. As a result, increases in species richness recorded for the
second and third surveys may be overstated. Corresponding dramatic increases in biomass are
clearly documented in photographs, however. Quadrat 6 is the only site exhibiting a decline in
apparent macroalgal abundance.
Increases in macroalgal cover are clearly associated with declines in soft coral populations
at two Quadrats (5 and 10), where large tufts of bluegreen and red drift algae appear responsible
for overgrowing or smothering several colonies. No such losses appear in adjacent Quadrats.
Macroalgal overgrowth also is implicated in the loss of the largest coral colony during this
project: a single colony of staghorn coral, Acropora cervicornis, about 11 em long was observed
intact at Quadrat I in the first survey, part! y overgrown with algae during the second, and dead
and broken up during the third. However, four hard coral species exhibited increases in numbers
during the same period. Minor coral losses recorded in several Quadrats are likely due to the
difficulty of locating small colonies under the algal carpet during the second and third surveys.
Careful removal of portions of this carpet in several instances disclosed small, apparently healthy
coral colonies that would otherwise have gone unnoticed.
3.2.3 General Trends
Variations in abundance and species richness of macroepibenthos exhibit no geographic
pattern among Quadrats relative to either dredge or fill sites associated with beach renourishment
at John U. Lloyd State Recreation Area. Table 2-11 and Figure 12 summarize changes in both
abundance and species richness for the three major faunal groups (Porifera, Scleractinia, Alcyo-
naria) among and within Quadrats, and among surveys. Variations among these groups within
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Quadrats are mixed; in any given Quadrat, net increases in abundance or richness of one or two
major groups are usually accompanied by declines in the remaining group(s), or one or two
groups exhibit no net variation while the other(s) do. Three Quadrats (2, 3, 7) exhibit net in-
creases in abundance in all three major groups; no Quadrat showed across-the-board net declines.
No clear trend in species richness exists among all groups in any Quadrat. Faunal abundance and
richness exhibit mixed variations on two other scales as well. For most of the three major groups
in most Quadrats, increases or declines recorded from the first (pre-dredging) to the second
(immediately post-dredging) survey are followed by reversals (declines replacing increases and
vice versa) from the second to the third survey (one year post-dredging). Similar mixed varia-
tions also occur within each major taxonomic group. In any given Quadrat, increases in one or
more species are often accompanied by decreases in one or more other species. Within-species
changes may also reverse between successive surveys.
At least some losses at Quadrat Site 8 result from the uprooting of some specimens, proba-
bly by a shifting Navy cable.
3.3 Cores Results
3.3.1 Introduction
Table 3-1 (Appendix 3) lists all organisms identified and enumerated at all four core sites
during all three sampling periods. Organisms have been identified to the most specific taxonomic
category practicable with a few exceptions: I) nematodes and harpacticoid copepods, normally
treated as meiofauna, 2) calanoid and cyclopoid copepods, typically planktonic, 3) attached and
encrusting forms not normally considered as faunal components of benthic communities on
unconsolidated substrates (i.e., hydroids, scyphistoma polyps, most bryozoans), and 4) speci-
mens (probably chiefly fragments) unassignable to phylum ("Unknown"). These taxa have been
omitted from diversity index calculations (Table 3-7)(Appendix 3). In addition, the third group
has been omitted from calculations of relative abundances (Tables 3-2 to 3-6, Appendix 3).
A total of 21,923 specimens were collected, representing 485 taxa. The number of taxa is
an approximation and represents species richness only imperfectly. As mentioned above, two
major faunal components, nematodes and harpacticoid copepods, have not been identified to
species and are included here as single taxa. This, of course, decreases any estimate of richness.
In contrast, specimens recognizable only as juveniles or unidentifiable members of a taxon that
includes other identified species [e.g., Glycera sp. (juv); Unidentified paleonemertean], may
actually belong to one of the identified species (e.g., Glycera americana; Paleonemertean sp. 4),
and contribute to an overestimation of richness.
Table 3-2 (Appendix 3) summarizes the abundances of major taxonomic groups of macro-
fauna by station and sampling period (omitting attached and encrusting forms). Tables 3-3 to 3-6
(Appendix 3) list dominant species by station and sampling period. Relative abundances (per-
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centages) given in these tables and in the following text are derived from station totals that omit
the small number of attached organisms.
Table 3-7 (Appendix 3) indicates Shannon-Weaver Diversity Indices calculated for each
core site using the following equation:
H' = -L Pi In Pi
iel
where p. is the relative abundance of species i. H' increases with increasing number of species,
(S). For any given S, H' reaches a maximum value (H'max) when all values of p are equal (pJ =
P2= Pr')' and H' equals In S. Because H' is primarily affected by species number rather than by
abundances of common or rare species or by species of moderate abundance, Evenness (1') also
has been calculated for each core site and sampling period (Table 3-7, Appendix 3) using the
equation:
1'=H'/H' =H'/lnSmax
As a ratio between the diversity index for a given station (H') and the maximum possible
diversity index (H' ) for the number of species and specimens at that station, Evenness (1')mIX
gives an indication of how close the data come to maximum possible diversity (1.0).
3.3.2 Core Summaries
DANIA BEACH roB) Inshore control site. 500 ft off Dania Beach: depth IQ ft,
Survey I (Mar 89): Low macrofaunal abundance (242 individuals) and richness (16 taxa),
dominated by polychaetes (44.6%), bivalves (33.5%) and amphipods (17.8%). Nemerteans are
the only other group present (4.1%). The bivalve Tivela floridana is the most abundant individu-
al taxon (32.2% of all individuals), followed by the polychaetes Dispio uncinata (25.6%), Spio
p ettiboneae (7.0%), Scolelepis texana (5.0% )(all Spionidae), and Paraonis fulgens
(6.2%)(Paraonidae), and the amphipods Metharpinia floridana (l3.2%)(Phoxocephalidae) and
Haustorius n. sp. (4.1%)(Haustoriidae).
Survey II (Aug 89): Macrofaunal abundance more than doubles (548 individuals); species
richness triples (44 taxa). Polychaetes remain the dominant group (42.7%) (234 individuals
representing 12 species) but are now accompanied by nematodes (35.8%) and nemerteans (8.6%)
with proportionately and numerically smaller numbers of amphipods and bivalves. Apart from
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nematodes, the most abundant taxa include three polychaetes that were among the dominants
during the first survey: Paraonis fulgens (15.7%), Spio pettiboneae (11.5%), and Scolelepis
texana (4.4%). Taxa appearing in numbers for the first time include the polychaetes Prionospio
cristata (3.8%)(Spionidae), Cirrophorus sp. (2.7%)(Paraonidae), and Armandia agilis
(1.5%)(Opheliidae), and the nemerteans Palaeonemertean sp. 4 (3.8%) and Procephalothrix sp.
(3.3%). Dispio uncinata, the most abundant polychaete during the first survey, has disappeared;
the bivalve, Tivela floridana, and the amphipod, Metharpinia floridana, remain in much smaller
numbers than during Survey I.
From Survey I to Survey II,nemertean richness increases from four to six taxa, but the
only taxon shared by both surveys is "unidentified nemerteans"--all identified species differ;
polychaete richness increases from five to 12 with four shared taxa; bivalve richness remains
about the same (three vs. four) with two shared taxa; non-copepod crustacean richness increases
markedly, from three to 14 taxa (including three undescribed cumaceans), with only the amphi-
pod Metharpinia floridana found in both surveys. H' increases markedly (1.93 to 2.71); J' also
increases (0.70 to 0.73).
Survey III (Aug 90): Macrofaunal abundance more than doubles again (1434 individuals,
not including attached forms), the gain largely accounted for by major increases in numbers of
nematodes, polychaetes and harpacticoid copepods. Nematodes are now the most abundant
major group (48.4%), followed by polychaetes (27.7%) and harpacticoids (10.2%). Species
richness almost doubles, to 73 taxa. Apart from nematodes and harpacticoids, the most abundant
species include three polychaetes abundant in Survey. II: Prionospio cristata (7.9%), Paraonis
fulgens (2.0%), and Cirrophorus sp. (1.5%). Paraonis fulgens is the only species among the ten
most abundant in all three surveys, although it declines in numbers in Survey III.Taxa appearing
for the first time include the polychaetes Paraprionosyllis longicirrata (4.9%)(Syllidae) and
Questa caudicirra (2.1 %)(Questidae), an unidentified turbellarian (3.1 %) and the paleonemer-
tean Cephalothrix sp. (1.9%). Other species important in Survey II have either disappeared
(Paleonemertean sp. 4, Armandia agilis) or declined in numbers (e.g., Spio pettiboneae, Scolele-
pis texana, 'H'rocephalothrix sp.).
From Survey II to III, nemertean richness remains about the same (six vs. seven species)
with two shared species; polychaete richness almost triples (to 33 species), with three species
shared with Survey II alone and four species common to all three surveys; oligochaete richness
increases from two to six with one shared species; bivalve richness remains about the same
(five), with two species common to all three surveys (Tivela flortdana, Pleuromeris tridentatay;
non-copepod crustacean richness declines to ten species, of which one is shared by surveys II
and III and one is common to all three (Metharpiniafloridana). H' and J' continue to increase (to
3.25 and 0.77, respectively).
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JOHN U. LWYD (lUL); Inshore treatment site. 500 ft off toe-of-fill; depth 10 ft.
Survey I (Mar 89); Moderately low macrofaunal abundance (405 individuals) representing
67 taxa. Nematodes are the most abundant major group (34.1 %) followed by crustaceans
(30.6%), polychaetes (18.3%) and bivalves (10.4%). Apart from nematodes and harpacticoid
copepods (5.4%), the dominant individual taxa include the bivalve Tivela floridana (6.6%), the
crustaceans Eurydice personata (6.4%)(lsopoda), Tanaissus sp. (6.2%)(Tanaidacea), Haustorius
n. sp. (4.7%), and Metharpiniaf/oridana (4.4%)(both Amphipoda), and the polychaetes Arman-
dia maculata (3.4%)(Opheliidae) and Paraprionosyllis longicirrata (3.2%)(Syllidae). More
than half of the species (8 out of IS; not including nematodes and harpacticoids) recorded at the
Dania Beach inshore control site also occur here.
Survey n (Aug 89); Macrofaunal abundance increases more than five-fold (2,228 individu-
als); species richness increases by about 50% to 92 taxa. Groups exhibiting marked gains in
abundance include cnidarians (represented by the free-living, solitary coral, Sphenotrochus n.
sp.), nematodes, polychaetes, oligochaetes, and harpacticoid copepods. MOlluscs exhibit a slight
increase in richness, while non-harpacticoid crustaceans decline markedly in both numbers and
richness. Nematodes (35.6%) remain the most abundant group, followed by polychaetes
(27.6%), harpacticoid copepods (24.8%), oligochaetes (7.4%) and Sphenotrochus n. sp. (4.9%).
Apart from nematodes and harpacticoids, Sphenotrochus n. sp. is the most abundant single taxon.
However, although only complete and uneroded specimens were counted, it is not clear whether
all or most of these were alive when collected. This species was collected only at the deep
control site (DC) during the first survey; although not recorded from the borrow area site (HA) at
that time, specimens may have been transported to the fill site by the dredging operation. Of the
dominant taxa during the first survey, only the polychaete Paraprionosyllis longicirrata (1.6%)
and the bivalve Pleuromeris tridentata (1.6%) remain among the ten most abundant taxa during
the second survey. Both have increased in numbers but remain relatively minor components of
the fauna. The unidentified turbellarian, the polychaete, Armandia maculata, and the amphipod,
Acanthohaustorius pansus, occur in similar numbers in both the first and second surveys, but
contribute proportionately much less to Survey II. The remaining first survey dominants either
disappear iTtvela floriaana, Eurydice personata, Haustorius n. sp) or occur in much reduced
numbers during Survey II tTanaissus sp., Metharpinia floridanai. Taxa appearing for the first
time include the polychaetes Hesionura elongata (3.8%)(Phyllodocidae), Paraonis pygoenigmat-
ica (2.2%) (Paraonidae), Macrochaeta sp. A (2.0%)(Cirratulidae), Plakosyllis quadrioculata
(1.9%)(Syllidae), and Protodorvillea kefersteini (1.6%)(Dorvilleidae), and the oligochaete
Heterodrilus bulbiporus (3.5%)(Tubificidae).
From the first to the second surveys, nemertean richness increases from one to ten taxa
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with one taxon shared between surveys; polychaete richness increases from 29 to 45 with only
15 shared taxa; oligochaete richness increases from three to nine with one shared taxon; bivalve
richness remains about the same, with most species present in both surveys; non-copepod crusta-
cean richness declines from 13 to seven with three species common to both surveys. H' in-
creases from 3.40 to 3.45 from the first to the second survey, while l' dropped from 0.82 to
0.77.
Eight species occur in common between the first and second surveys at the Dania Beach
and John U. Lloyd sites. These represent a much smaller faunal component (9%) than the eight
species that occur in common between these stations in Survey I because of the great increases in
both abundance and richness exhibited at both stations in Survey II.
Survey III (Aug 90): Macrofaunal abundance increases dramatically to 13,046 specimens,
more than half the total for all stations in all sampling periods. Harpacticoid copepods account
for more than two thirds of this figure. Because harpacticoid numbers exceeded several hundred
per replicate, BCEQCB granted permission to extrapolate the total number of specimens, from
the first five replicates sorted (out of 18)(see Table 3-1). Oligochaetes (7.2%) and non-copepod
crustaceans (0.6%) increase five-fold in abundance, nematode (17.3%) and nemertean (0.7%)
numbers triple, and polychaete (4.6%) abundance increases by 75%. Bivalves decline to half
their former number. Chelicerates, represented by halacarid mites, occur in larger numbers than
in any other sample, although they remain a small component of the fauna.
Apart from harpacticoids and nematodes, the most abundant individual species are chiefly
oligochaetes [e.g., Grania sp. A (2.4%)(Enchytraeidae), Tectidrilus verrucosus (0.9%)(Tubifici-
dae), and juvenile tubificids (1.5%)], one of which was an important faunal component in Survey
II [Heterodrilus bulbiporus (1.8%)]. Three polychaetes abundant in Survey II remain among the
ten most numerous taxa [Hesionura elongata (1.0%), Protodorvillea kefersteini (0.6%), and
Macrochaeta sp. A (0.3%)]. Other dominant taxa in Survey II decline in numbers, but none
disappear.
From Survey II to III, nemertean richness declines to six taxa with only a single shared
species; polychaete richness remains about the same (45 taxa), with 15 species shared with
Survey II, four species reappearing from Survey I, and ten species common to all three sampling
periods; oligochaete richness also remains the same (ten taxa) despite the great increase in abun-
dance, with five species common to Surveys II and III; bivalve richness declines to six species of
which Limatula hendersoni is shared by Surveys II and III, Pleuromeris tridentata occurs in
small numbers in all three surveys, and Tivelafloridana reappears from the first sampling period;
non-copepod crustacean richness increases to pre-dredging levels (13 taxa), but only one species,
the amphipod, Acanthohaustorius pansus, occurs in all three surveys. Both H' and J' are lower
than during either previous survey (3.21 and 0.72, respectively).
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Twenty-nine species occur in common between the third surveys at the Dania Beach and
John U. Lloyd sites, representing a marked increase in faunal similarity between the two stations
relative to previous sampling periods.
DEEP CONTROL CDC):Offshore control site. 1.800 ft north of borrow area: depth 60 ft.
Survey I (Mar 89): Moderate macrofaunal abundance (650 individuals); species richness is
the greatest of any pre-dredging site (150 taxa). Polychaetes are the most abundant major group
(51.7%), followed by nematodes (14.3%), with smaller numbers of crustaceans (9.0%), oligo-
chaetes (4.3%), nemerteans (3.6%), and bivalves (2.9%). Apart from nematodes, the most impor-
tant individual taxa are polychaetes [Synelmis sp. B (6.2%)(Pilargiidae), Fabriciola trilobata
(5.7%), lasmineira sp. (3.5%)(both Sabellidae), and Haplosyllis spongicola (4.0%)(Syllidae)],
followed by an ostracod [Rutiderma mollitum (2.4%)], an oligochaete [Grania sp. (2.4%)(En-
chytraeidae)], the solitary coral, Sphenotrochus n. sp. (2.1 %), and the unattached bryozoan,
Cupuladria sp. (1.7%). H' (4.39) and J' (0.88) are higher than at any other pre-dredging site.
Survey II (Aug 89): Macrofaunal abundance almost doubles (to 1,040 individuals), but
species richness declines (to 131 taxa). Polychaetes remain the dominant major group (47.8%),
with nematodes increasing in importance relative to Survey I (32.8%). Crustaceans and nemer-
teans increase in abundance, but contribute relatively less to the fauna (7.4% and 3.1%, respec-
tively). Bivalves, oligochaetes, solitary corals occur in reduced numbers and the bryozoan,
Cupuladria sp., has disappeared. Apart from nematodes, two polychaetes [Fabriciola trilobata
(8.8%) and Haplosyllis spongicola (5.4%)] continue to be dominant components of the fauna.
The remaining taxa dominant during Survey I disappear either completely iSynelmis sp. B,
lasmineira sp., R. mollitum, Grania sp., Cupuladria sp.) or nearly (Sphenotrochus n. sp.). Taxa
appearing for the first time include the polychaetes Chone cf. americana (5.9%)(Sabellidae),
Prionospio cristata (3.8%)(Spionidae), Armandia maculata (3.6%)(Opheliidae), and Ceratone-
reis mirabilis (2.9%)(Nereidae), and the oligochaete, Limnodriloides appendiculatus
(2.6% )(Tubificidae).
From Survey I to Survey II, nemertean richness increases from five to II with two shared
taxa; polychaete and bivalve richness decrease markedly, from 81 to 63 with 30 shared taxa and
14 to six with only two shared taxa, respectively; non-copepod crustacean richness increases
from 12 to 20, but the number of species common to both surveys is again small (three). Reflect-
ing the smaller number of species present in the second survey, both H' and J' exhibit greater
decreases between Surveys I and II than at any other station.
Survey III (Aug 90): Macrofaunal abundance is halved (499 individuals) and species
richness continues to decline (to 115 taxa). Polychaetes (42.9%) remain the dominant major
taxonomic group; nemerteans (6.0%) and bivalves (3.2%) remain in numbers similar to Survey
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II, while crustaceans (9.9%) decline somewhat and nematodes (12.5%) decrease precipitously.
The free-living bryozoan, Cupuladria sp., present in small numbers during the first sampling
period and absent during the second, is now the most abundant species (15.1%). The poly-
chaetes, Prionospio cristata (6.7%), Fabriciola trilobata (5.6%), Chone cf, americana (1.6%),
and Armandia maculata (1.6%), remain important faunal components, although all three decline
in numbers from Survey II. Two other important components, the polychaete Aricidea fragilis
(3.6%)(Paraonidae) and the phoronid worm Phoronis cf. architecta (2.6%), occur for the first
time. Other species dominant in Survey II either disappear (e.g., Limnodriloides appendiculatus,
Aricidea cf. catherinae) or occur in greatly reduced numbers (Haplosyllis spongicola, Ceratone-
reis mirabilis).
From Survey II to III, nemertean richness declines (to eight taxa) with two shared identi-
fiable species and only a single species, Micrura sp., common to all three sampling periods;
polychaete richness continues to decline, to 57 taxa, of which nine are shared with the second
survey, ten reappear from the first survey, and 17 occur in all three sampling periods; oligochaete
richness also declines (four taxa) with no taxa identifiable to the species level shared among any
survey; bivalve richness increases to nine species with two reappearing from Survey I and a
single species, Chione cancellata, common to all three (one specimen per sampling period); non-
copepod crustacean richness remains about the same (23 taxa) with four species common to
Surveys II and III, one species reappearing from Survey I, and one species, the tanaidacean
Cirratodactylus floridensis, common to all three. Despite the marked decrease in organism
abundance, both H' and J' increase (3.87 and 0.82, respectively), although not to pre-dredging
levels.
BORROW AREA rnA); Offshore treatment site. central floor of borroW pit: depth 60 ft.
Survey I (Mar 89); Moderately abundant macrofauna (848 individuals) representing 91
taxa. Polychaetes are the dominant major group (63.5%), followed by crustaceans (18.8%) and
nematodes (5.9%). Apart from nematodes, the dominant individual taxa are the polychaetes
Fabriciola trilobata (20.7%), Chone cf. americana (4.8%), Jasmineira sp. (4.5%)(all
Sabellidae), Axiothella sp. A (5.2%)(Maldanidae), and Gol athowenia o culata
(2.5%)(Oweniidae), and the tanaidacean, Clrratodactylus floridensis (10.5%). H'(=3.57) is less
than at the Deep Control site and only slightly greater than at the fill site (JUL). Over three-
quarters of the species recorded at the Deep Control site also occur here.
Survey n (Aug 89): Macrofaunal abundance decreases by about half (480 individuals), but
species richness remains about the same as before dredging (89 taxa). Polychaetes remain the
dominant major group (63%), followed by cnidarians (12.1 %)(chiefly Sphenotrochus n. sp.),
crustaceans (10.9%) and bivalves (4.2%). Nematodes occur in smaller numbers than at any other
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site in Survey II. Chane cf. americana (6.0%) is the only abundant species common to both
surveys. The remaining species that dominated Survey I either disappear (F. trilobata, C. flori-
densis, Axiothella sp. A, Jasmineira sp., Heteropodarke lyonsi, Edwardsiidae) or decline (G.
oculata, Notomastus sp., G/ycera sp. A). Species occuring for the first time include the poly-
chaetes Pseudopo/ydora sp. (20.8%) and Prionospio cristata (l6.7%)(both Spionidae). The
polychaete, Armandia maculata (2.7%) occurs in similar numbers in both surveys, but contrib-
utes a greater proportion to Survey II because of the decrease in overall organism abundance
relative to Survey 1.
From Survey I to Survey II, polychaete species richness declines from 63 to 41 with 13
shared taxa; oligochaete richness decreases from five to one species; crustacean richness remains
about the same (22 and 20 species) with only six species common to both surveys. Both H' and
J' drop markedly (3.57 to 3.07, and 0.74 to 0.69, respectively). The number of taxa shared by
the Deep Control and Borrow Area sites during Survey II (36) drops to about 40%.
Survey III (Aug 90): Macrofaunal abundance increases somewhat, but not to pre-dredging
levels (503 individuals); species richness slightly exceeds both pre-dredging and initial post-
dredging levels (108 taxa). Polychaetes (55.4%) remain the most important major taxonomic
group, accompanied by small numbers of crustaceans (8.8%), bivalves (7.3%), nemerteans
(6.2%), and nematodes (3.6%). Species remaining in similar numbers from Survey II include the
polychaetes Prionospio cristata (14.5%), Chane cf. americana (4.2%), and Armandia maculata
(3.6%). The free-living bryozoan, Cupuladria sp., present in Survey I and absent in Survey II,
reappears in much larger numbers (12.4%), a pattern of occurrence identical to the Deep Control
site. Species appearing for the first time include the polychaetes Mage/ona sp. C (4.6% )(Mage-
lonidae) and Pettiboneia duo/urea (4.0%)(Dorvilleidae), the nemertean Hubrechtella sp. (3.2%)
and the phoronid worm Phoronis 'larchitecta (2.0%). Other taxa that dominated Survey II have
either disappeared (Cye/ocardia sp.) or occur in much smaller numbers (e.g., Pseudopolydora
sp., Sphenotrochus n. sp.).
From Survey II to III, nemertean richness increases from five to eight taxa, but no taxa
identifiable to recognizable species are shared among any sampling period; polychaete richness
increases almost to pre-dredging levels (57 taxa) with nine remaining from Survey II, 12 reap-
pearing from Survey I, and nine common to all three sampling periods; bivalve richness doubles,
to 12 taxa with two reappearing from the first survey, and one species (Chione cancellata)
common to all three; non-copepod crustacean richness declines to 16 taxa with two common to
Surveys II and III, two reappearing from Survey I, and one species (Metharpinia floridanai
occurring in all three. Both H' and J' (3.73 and 0.80, respectively) exceed values calculated for
the pre-dredging and initial post-dredging surveys, and approach values calculated for the Deep
Control site in the third sampling period.
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The Borrow Area and Deep Control sites share the same proportion of taxa in Survey II
(40%) although the number of shared taxa increases slightly (to 42%). However, both the
number and percentage of taxa common to these two sites remains much less than during the first
sampling period.
3.3.3 General Trends
Inshore Stations: Macrofaunal abundances increase throughout the course of this project at
both the Dania Beach and John U. Lloyd sites. (Tables 3-2, 3-7, Appendix 3). Nematodes and
harpacticoid copepods account for the greatest proportion of increases in total organism abun-
dance. The number of taxa shared by these two stations remains the same during the first two
surveys (although the particular species held in common are not all the same) and increases
markedly in the third survey. However, relative numbers of shared taxa decline from an initial
high of over 50% in Survey I to about 9% in Survey II, with a subsequent increase to about 34%
in Survey III. Species found in most or all surveys at both stations include the polychaete Spio
pettiboneae, the bivalves Tivelafloridana and Pleuromeris tridentata, and the amphipod Me-
tharpiniafloridana. The following summary refers only to major taxonomic groups used to
calculate diversity indices.
At the Dania Beach site, polychaetes, oligochaetes, and turbellarians increase in numbers
and richness from Survey I to Survey III. Polychaetes exhibit an almost four-fold increase in
abundance and a six-fold increase in richness (from five taxa in Survey I to 33 in Survey III).
Nemerteans and oligochaetes exhibit modest overall increases in abundance and richness (al-
though the former group declines slightly in numbers from Survey II to III). Abundances of
bivalves and non-copepod crustaceans decline continuously during the project. However, bi-
valves exhibit a slight continuous increase in richness, while crustaceans initially increase mark-
edly in richness (Survey II) and subsequently decline (Survey ill). Both the Diversity Index (H')
and Evenness (J') increase throughout the course of the project.
At the John U. Lloyd site, harpacticoids and nematodes exhibit great increases in abun-
dance. Of the taxonomic groups used to calculate diversity indices, polychaetes, nemerteans,
oligochaetes, and turbellarians all increase in abundance and all but the turbellarians increase
markedly in richness, as well, throughout the course of this project. Bivalves exhibit an initial
increase in abundance (Survey II) followed by a decrease below pre-dredging levels (Survey ill),
but decline continuously in richness from the first to the third surveys. By contrast, non-eopepod
crustaceans exhibit an initial decline (Survey II) followed by an increase (Survey III), in both
abundance and richness. The free-living solitary coral, Sphenotrochus n. sp., appears in large
numbers only in the second sampling period. The Diversity Index (H') remains about the same
during the first two surveys and decreases in the third. Evenness (J'), however, declines contin-
uously throughout the course of the study.
Offshore Stations: Trends in macrofaunal abundance and richness at the Deep Control and
Borrow Area sites do not correspond as those closely as those at the inshore stations. Macrofau-
nal abundance at the Deep Control site initially increases (Survey II) then declines (Survey III),
while richness decreases throughout the project. At the Borrow Area site, both macrofaunal
abundance and richness drop sharply as of the second survey, and rebound somewhat in the
third. In addition, nematodes and harpacticoid copepods represent a far smaller faunal compo-
nent than at the inshore stations.
The proportion of Borrow Area taxa also found at the Deep Control site decreases slightly
from the first to the second survey (46 to 41%) and remains about the same during the third.
However, the number of Borrow Area taxa recorded from the Deep Control site decreases almost
by half from Survey I to Survey II and increases only slightly in Survey III. Recognizable spe-
cies found in most or all surveys at both stations include the coral Sphenotrochus n. sp., the
polychaetes Prionospio cristata (Spionidae), Cauleriel/a sp. A and Tharyx dorsobranchialis
(both Cirratulidae), Armandia maculata (Opheliidae), Glycera sp. A (Glyceridae), Podarkeopsis
levifuscina (Hesionidae), Ceratonereis mirabilis and Ceratonereis sp. A (Nereidae), Exogone
lourei (SylIidae), Galathowenia oculata and Polycirrus spp. (TerebelIidae), Coone cf. americana
and Fabriciola trilobata (both SabelIidae), the haminoeid gastropod Atys riiseana, the venerid
bivalve Chione cancellata, the phoxocephalid amphipod Metharpiniafloridana, and the tanaida-
cean Cirratodactylus floridensis.
At the Deep Control site, polychaetes are the dominant group throughout, although nema-
todes contribute significantly (38%) during Survey II. Of the taxonomic groups used to calculate
diversity indices, polychaetes and crustaceans increase in abundance from the first to the second
survey and decline in the third; oligochaetes and bivalves, which are small components of the
fauna throughout, decline in numbers from Survey I to Survey II and increase slightly in Survey
III. Richness values show no clear correspondence: polychaete and bivalve richness declines
throughout (although the former includes about ten times the number of taxa as the latter in all
surveys). Oligochaete richness also decreases slightly, while crustacean richness increases
during the course of the project. Both the Diversity Index (H') and Evenness (1') decline from
Survey I to Survey II and then increase in Survey III, but not to pre-dredging levels.
At the Borrow Area site, polychaetes are again the dominant group throughout the project,
although they decline both in abundance and richness throughout the project. Crustaceans, an
important group in the first sampling period, also continuously decline in numbers and richness,
Nemerteans and bivalves increase slightly both in numbers and richness, while oligochaetes
correspondingly decline and then disappear by Survey III. All three latter groups represent minor
faunal components. The Diversity Index (H') and Evenness (1') both decline from the first to the
second surveys, but then increase to greater than pre-dredging levels in the third survey. Final
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Diversity Index and Evenness values approach those of the Deep Control site.
Figures 13a and 13b provide graphic depictions of macrofaunal abundance for each core
site by sampling period. Figure 13a portrays macrofaunal abundance adjusted to exclude at-
tached and encrusting forms, nematodes, copepods, and unknowns. Figure 13b depicts organis-
mal abundance for all specimens. Figure 14 is a graphic depiction of macrofaunal species rich-
ness in core samples by sampling period. Note again, however, that the species richness data
, presented also exclude those taxa noted in reference to Figure 13a. The above noted Diversity
Indices and Evenness are depicted by site and sampling period in Figures 15a and 15b.
4.0 DISCUSSION
4.1 Transects and Quadrats
Coral reefs along the southeastern coast of Florida exist at the northern inshore continental
limit for such communities. The reef at Fowey Light, some 16 Ian southeast of Miami is general-
ly considered the northernmost in Florida (Marszalek et al., 1977; Jaap, 1984; Voss, 1988).
Although reef-building hard coral species (Scleractinia) exist further north, they produce no
actively accreting reefs. Significant decreases in abundance and species richness of corals and
associated organisms occur from Monroe through Dade, Broward (Marszalek, 1981), and Palm
Beach Counties (Goldberg, 1973). As a result, these marginal assemblages that include hard
corals probably already exist under naturally stressful conditions (Marszalek, 1981) and are
likely more susceptible to additional perturbations. The three ridges, commonly called "reefs,"
that parallel the coastline off Broward County, support a variety of coral reef community organ-
isms. These are actually relict Holocene reefs, the third or outermost of which at least has not
been actively accreting for about 6,000 years (Lighty, 1977). We use the term "coral reef
communities" to describe the assemblages of organisms typical of reefs, but here not producing
accretionary structures. Coral hardground or hard bottom are similar appropriate terms.
Numerous investigations, some the result of biological monitoring of previous beach resto-
ration projects in Broward County, have documented the dominant macroepibenthic components
of these assemblages (Courtenay, et al., 1974; Raymond & Antonius, 1977; Marsh & Turbeville,
1981; Goldberg, 1980, 1981, 1985). With the exception of some nomenclatural changes (notably
among sponges) and taxonomic difficulties with the alcyonarian genus Eunicea (recognized by
other workers; EM. Bayer, personal communication, 1990), the species lists of dominant macro-
epifauna (Scleractinia, Alcyonaria, Porifera) closely match those of preceding studies. Similarly,
the estimates of percentage of hard coral cover approximate those of previous studies (e.g.,
Raymond & Antonius, 1977). We therefore believe that the assemblages monitored and the
results obtained during this investigation are, at least at this level, comparable to previous local
investigations.
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Recent studies indicate that coral reef communities exhibit greater short-term variability
and suggest that reefs may be less stable and more responsive to disturbances than previously
thought (Connell, 1978; Brown & Howard, 1985; Brown, et al., 1986; Grigg & Dollar, 1988;
Dahl & Salvat, 1988; Jaap, et aI., 1988). Although this view implies that human impacts may,
under certain circumstances, be secondarily important relative to natural perturbations, it remains
clear that reef communities exist within narrow tolerance ranges. Man's impacts may easily
exceed tolerance limits, resulting in rapid deterioration in structural complexity, diversity, and
productivity (Dahl, 1985; Dahl & Salvat, 1988). Local human effects on a coral reef community
can only be clearly assessed when both normal variability and the effects of nonanthropogenic
and unrelated anthropogenic disturbances are known. Although contemporary human uses of
reefs generally tend to destabilize and degrade reef communities, it remains difficult to separate
anthropogenic from natural changes (Dahl & Sal vat, 1988). The current project is a case in
point. Reef communities off southeastern Florida are adjacent to dredge and fill sites associated
with repeated beach restoration during the 1970's and 1980's (Goldberg, 1988).
Beach restoration projects have become increasingly common in Florida in recent years
(Saunders, 1984). In southeast Florida, where beach front development has been considerable,
erosion has fueled the need for more frequent restoration projects. Broward County was the first
in Florida to restore its beaches using an offshore sand source. Pompano Beach was restored in
1970, again in 1983, and is currently scheduled for another in 1993. The beaches at
Hollywood/Hallandale were restored in 1971, again in 1979, and are scheduled for another in
1991. John U. Lloyd State Park was first restored in 1977 and was restored in 1989 (and is the
subject of this investigation). In Palm Beach County, Delray Beach has been renourished three
times (1973, 1978,and 1984) and recently has been renourished a fourth time in 1990. Beach
projects were also conducted for the Town of Palm Beach (1990) and the City of Boca Raton
(1988). Dade County has had fewer repeat projects, but a single restoration on Miami Beach in
1977 involved 10.5 miles of beach, 13.7 million cubic yards of fill and 5 years of dredging, the
largest project to date in Florida history.
Long-time professional divers have reported reef community deterioration over the same
time period and have attributed this deterioration to dredging and filling (yoI. Raymond, R. Guest,
personal communications, Fall, 1990). During the same period, however, more widespread dis-
turbances associated with pollution, disease, and temperature variations have affected reef
communities off Florida, the Caribbean Sea, and tropical oceans in general (Glynn, 1984; Rob-
erts, 1987; Jaap, et al., 1988). Current assessments of general local reef deterioration have not
satisfactorily identified casual agents. Proper long-term management of coral reefs, as well as
other marine communities, requires both the most unequivocal identification of potential disturb-
ance factors (natural and anthropogenic) and the most accurate possible assessment of their rela-
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tive importance as perturbations in the environment.
Marszalek (1981) recognized that dredging can adversely effect coral reef communities in
three basic ways: via direct mechanical damage, sediment loading and turbidity. Although
mechanical damage has been documented in previous restoration projects in southeastern Florida
(Raymond & Antonius, 1977; Goldberg, 1981; Marszalek, 1981; Barry et al., 1989; Blair and
Flynn, 1988), none were attributable to dredging operations during this project. The U. S. Navy
maintains an array of tracking cables on the sea floor off John U. Lloyd Park. Shifting cables
appear to have caused some damage. Two instances of direct mechanical damage did occur
offshore of the fill site several miles from the borrow area. Between the first and second surveys,
a large barrel sponge, Xestospongia muta, and at least one alcyonarlan, Plexaurella sp., were
completely torn out of Quadrat 8; in Quadrat 6, between the second and third surveys, a single
colony of the hard coral, Madracis decactis, about 6 em across, also was torn out.
An extensive literature has accumulated over the last twenty years concerning the effects of
both natural and anthropogenic sedimentation stress (including turbidity effects) on coral reef
communities (e.g., Hubbard & Pocock, 1972; Dodge, et al., 1974; Loya, 1976; Dodge & Vais-
nys, 1977; Bak, 1978; Lasker, 1980; Chansang, et al., 1981; Rogers, 1983; Pullen & Naqvi,
1983; Acevedo & Morelock, 1988; Abdel-Salam & Porter, 1988; Goldberg, 1988; Rogers, 1990;
Brown et al., 1990). Sedimentation may adversely effect organisms via burial, abrasion, reduced
larval settlement, and reduced growth and reproduction resulting rrom increased energy expend-
ed on sediment removal or from lowered light levels associated with turbid conditions (in the
case of zooxanthellate species)(e.g., Lasker, 1980; Abdel-Salam & Porter, 1988; Hodgson,
1990). Different taxonomic groups and different species within major taxonomic groups tolerate
sediment loading to different degrees, both in terms of amount and duration of exposure. For
example, alcyonarlans and sponges appear to tolerate sediment loading better than hard corals
(Marszalek, 1981). Among reef-building hard corals, members of the genus Acropora are less
effective sediment removers than members of the genera Montastrea and Diploria (Hubbard &
Pocock, 1972; Bak & Elgershuzien, 1976; Rogers, 1983; Abdel-Salam & Porter, 1988). Similar-
ly, different species more effectively remove differently sized sediment particles (Hubbard &
Pocock, 1972).
Deterioration or death of reef community organisms due to partial or complete burial is
evident within months (Counenay, et a!., 1974; Raymond & Antonius, 1977; Marszalek, 1981;
Brown, 1988). Among hard corals, partial burial typically results in death of the buried ponion of
the colony (Courtenay, et al., 1974; Marszalek, 1981). No instance of either partial or complete
burial of reef organisms by renourishment-derived sediment loading was observed during this
project. Photographs of Quadrats both one month and one year after renourishment reveal no
deposition relative to levels recorded before dredging and filling began. Neither do increases
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fappear in sediment collected in hollows and crevices. It is possible that renourishment-derived
sediment is incorporated into the macroalgal carpet observed in most Quadrats during both post-
renourishment surveys (either via direct settlement from the dredge plume or via resuspension
from the fill site) and thus contributes to sediment loading on small corals and other inverte-
brates, but no evidence of this mechanism was noted during this investigation. Some small hard
coral colonies were discovered alive under the macroalgal carpet. However, the relative health
or likelihood of survival of these organisms under such circumstances remains unknown.
Possible long-term effects of reduced photosynthetic capacity in zooxanthellate reef
community organisms (Scleractinia, Alcyonaria) resulting from increased turbidity either from
repeated exposure to a dredge plume or resuspension of fill cannot be adequately assessed at this
time. Reefs exposed to more turbid conditions are known to exhibit reduced coral diversity and
cover (Loya, 1976; Acevedo & Morelock, 1988), but it is not yet clear which factor, sediment
loading or reduced light levels, is the primary causal agent because both act concurrently.
Marszalek (1981) noted a marked increase in the percentage of corals exhibiting stress symptoms
after several seasonal exposures to sedimentation from an adjacent dredge and suggested that
corals at the study site off Miami Beach may be more tolerant of short-term sediment-loading
events than sustained high turbidity. Observed stress symptoms included loss of tissue near
colony bases and spotty bleaching. The former is most probably due to the partial burial; the
latter may be due to a variety of stresses including turbidity, other pollution, lowered salinity,
and increased temperature (Cook, et al., 1990).
A combination of several factors strongly suggests that dredge and fill operations associat-
ed with the John U. Lloyd First Renourishment Project have had no immediate adverse effect on
local coral reef communities: I) no obvious renourishment-associated depositional event was
recorded on Quadrats or transects on the assessment days during this series of surveys; 2) no
pattern of ecological degradation exists relative to either borrow or fill sites; and 3) the three
major macroepifaunal components (Porifera, Alcyonaria, Scleractinia) share no decrease in
either abundance or species richness in any Quadrat. In the majority of cases, gains in abundance
or richness of one or two of the groups are accompanied by decreases in the remaining group(s),
or one or two groups exhibit no net change while the other(s) do. In addition, increases or de-
clines recorded from the first (pre-dredging) to the second (one month post-dredging) survey are
followed by reversals (declines replacing increases and vice versa) from the second to the third
surveys (one year post -dredging). Similar mixed variations also occur within each major group,
with increases in one or more species often accompanied by declines in one or more other spe-
cies. Three Quadrats (borrow area: 2 and 3; fill site: 7) actually exhibit net increases in abun-
dance of all three major groups.
Variations in hard corals and alcyonarians are worth noting in greater detail. Hard corals
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exhibited net increases in abundance in all Quadrats around the borrow area and at the control
site north of Port Everglades (Table 2-11). Although minor net losses (single colonies) were
recorded at two fill site Quadrats (6 and 8) and a moderate net loss (8 colonies) recorded at
another (Quadrat 10), Quadrat 7, on the second reef off the fill site, exhibited a greater net coral
recruitment (+9 colonies) than any other study area. Virtually all lost hard corals are colonies
less than 5 ern across; at least some are little more than recruits composed of several polyps that
likely could not be relocated under the macroalgal carpet during the second and third surveys.
For transects, net mean percent coverage decreased very slightly (less than 0.2%) for the Borrow
Area, Fill Area, and the single Control site (Table 1-2). This change was well within the coeffi-
cient of variation among sites (approximately 40%). Net mean density also decreased slightly (-
0.4 to -0.1) at the Borrow Area, Fill Area, and the Control site. This change also was close to
among site variability.
Alcyonarians exhibited marked net losses in four Quadrats (borrow area: I and 4; fill site:
5 and 8), while experiencing minor to marked increases in abundance in all other Quadrats
(Table 2-11). In Quadrat 8, loss of one or more colonies is likely the result of a shifting Navy
cable. Declines in Quadrat 5 are most likely the result of overgrowth by filamentous cyanobacte-
ria (bluegreen algae). Most of the erect (non-encrusting) soft corals in Quadrat 10 also exhibited
substantial filamentous algal overgrowth; a marked decrease in alcyonarian numbers and rich-
ness is anticipated at this study site, should it be re-surveyed. Quadrats 5 and 10 are located
closest to the Port Everglades cut; eddying and entrainment of urban and industrial run-off may
generate nutrient loading (and consequent bluegreen algal growth) at these adjacent sites.
The growing awareness of variability and response to perturbations by coral reefs makes
assessment of the variations described above more difficult. Variability in coral reef communi-
ties, especially natural variations relative to "normal" environmental cycles and perturbations
remain poorly understood. During this series of surveys, some species varied far more widely in
numbers than others. In some cases, particularly with encrusting alcyonarians and sponges,
simple counts may be misleading. Coalescing of adjacent colonies will reduce counts, yet be a
sign of growth and expansion. Fragmentation will increase counts while reflecting colony retreat
and decline in some species and vegetative proliferation in others. Different life history strate-
gies also contribute to problems of assessing population variations. Weedy, opportunistic spe-
cies typically produce large numbers of recruits and suffer high juvenile mortality rates (Bak &
Engel, 1979); such species can be expected to vary widely in abundance. A better understanding
of reef organism biology is required before the limits of natural variability are recognized and the
effects of anthropogenic perturbations can be properly assessed.
In the case of the current study, community structure and variability appear to fall well
within the range recorded previously throughout Broward County. Raymond & Antonius (1977)
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reported 1-2% hard coral cover on the inner reef and 2-7% on the second reef off John U. Lloyd
Park, figures in close agreement with those derived in this study. Their maximum of 17% on
Diploria clivosa-dominated inshore ridge is due to a particularly large colony in one Quadrat and
corresponds with our maximum of 7% due to two smaller colonies of the same species, also on
the inner reef. Raymond (1980) also reported a low percentage of coral cover off
Hollywood/Hallandale; his average of 7% is greater than that noted in this study. However, he
indicated that some Quadrat locations were intentionally selected to include large coral colonies.
His indication of 67% loss of live coral coverage at his Station 7 must be viewed in context.
This loss reflects a decline from 2.2% coverage to 0.74% coverage. Mathematically this is, of
course, a 2/3 loss, but it does not represent the equivalent quantity of ecological decline in a
Quadrat that begins with, say, 86% coral cover and sustains a 67% loss. More importantly, no
indication of percent error inherent in the methodology of calculating coverage via overlaying
photographs with graph paper and counting the squares filled by coral were given by Raymond.
A portion of the presented "loss" could be related to variability inherent in the methodology.
Finally, small corals (apparently less than about 3 em) were not included in Raymond's calcula-
tions of coverage, and may have exhibited either losses or recruitment.
Goldberg (1985) recorded similar mixed variations among and within stations and taxo-
nomic groups in reef communities off Broward County. In contrast with the current survey
series, he recorded loss of a few coral heads up to half a meter across. However, he gives no
indication whether the lost colonies died and remained in place between surveys or were missing
(either torn out or unrecorded earlier).
The coral reef communities off Broward County documented herein and elsewhere
(Courtenay, et al., 1974; Raymond & Antonius, 1977; Raymond, 1980; Marsh & Turbeville,
1981; Goldberg, 1980, 1981, 1985) generally fit the description of such communities subject to
ongoing environmental stresses: they exhibit low hard coral abundance and low species richness
of all major macroepifaunal groups relative to regions further south, and the hard corals are
dominated by species known as competent sediment removers. Montastrea annularis, a domi-
\
nant reef-builder throughout much of the tropical western Atlantic, is here subordinate to its
congener M. cavernosa, which dominates on sediment-stressed reefs elsewhere (Acevedo &
Morelock, 1988). Much of this stress has been attributed to the location of these assemblages at
the northern limit for such communities (Marszalek, 1981).
Mounting evidence exists that coral reefs are suffering generalized declines throughout the
world, as well as in Florida (Dustan & Halas, 1987; Brown, 1988). Causes (both suggested and
documented) range from localized (e.g., anchor damage, ship groundings, dredging, hurricanes)
to global (pollution, greenhouse warming, diseases). In the current series of surveys we are
unable to measure added stress (in terms of community decline) from dredging and filling asso-
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ciated with beach renourishment at John U. Lloyd Park. Corals exhibiting declines in the course
of the surveys were clearly in decline before renourishment began. Corals that appeared healthy
at the beginning of the project exhibited no declines. A single colony of Montastrea annularis
clearly showed improvements, including healing of lesions, perhaps associated with the demise
of an adjacent sponge (Amphimedon compressa). Recruitment and mortality of small coral
colonies showed no negative trends. Losses were more often than not offset by gains. The
contribution that resuspension of fill may have to possible long-term declines in local coral reef
communities triggered by local, regional, or global disturbances represents a potential source of
stress. However, the scope of this investigation precluded an assessment of such long-term
factors.
4.2 Cores
The composition and organization of macrofaunal communities on unconsolidated sub-
strates depend on a wide spectrum of physicochemical and biological factors including sediment
composition and texture (i.e., grain size, sorting, porosity, particle shape, packing), bottom
configuration (e.g., slope, topography), water characteristics (e.g., temperature, salinity, oxygen,
nutrient and organic material concentrations, pore water chemistry and level of redox potential
discontinuity layer), circulation of overlying water (e.g., tidal, longshore or benthic boundary
currents; exposure to wave action), environmental cycling and variability (e.g., seasonality,
nutrient cycling, periodic and aperiodic disturbance), and biological interactions (e.g., predation,
competition) and patterns (e.g., settlement, recruitment, reproductive and life history strategies,
zoogeography) (Parr, et al., 1978; Gray, 1981; Thistle, 1981; Eagle, 1983; McLachlan, 1983;
Nelson, 1985; Brown &McLachlan, 1990).
Although the physical parameters that set distributional limits are known for many marine
organisms, considerable controversy remains concerning the relative roles of various physical
and biological processes in structuring, maintaining and changing sofr-bottom benthic communi-
ties (e.g., Gray, 1981; Thistle, 1981; Schoener, 1982; see also Lewin, 1986). In addition, the
extent of natural variability derived from the interaction of these processes remains poorly under-
stood for many marine environments. This variability may be expressed as temporal or spatial
heterogeneity, the latter often recognized as patchiness. Both occur across a range of scales and
can generate false distinctions between similar communities (Parr, et al., 1978; Saloman &
Naughton, 1984; Hodda, 1990). As a result, care must be taken in distinguishing between natural
variability and the effects of anthropogenic disturbance.
Soft-bottom habitats sampled during this project represent two distinct benthic communi-
ties: a shallow (10 ft depth), nearshore community (Dania Beach and John U. Lloyd sites) subject
to considerable wave action, resuspension and turbidity, and a physically more stable offshore
community (60 ft depth) below normal wave base (Deep Control and Borrow Area sites). Both
36
pre-dredging communities reflect expected patterns of dominance by major groups of marine
invertebrates relative to similar habitats examined locally and elsewhere (Parr, et al., 1978;
Marsh, et al., 1980; Culter & Mahadevan, 1982; Saloman, et al., 1982; McLachlan, 1983;
Saloman & Naughton, 1984; Goldberg, et al., 1985; Gambi & Giangrande, 1986; Charvat, et aI.,
1990). The nearshore sites are dominated by a relatively even mix of polychaetes (especially
spionids), peracarid crustaceans (amphipods, isopods and tanaidaceans) and bivalves. The
offshore, less exposed sites exhibit far greater dominance by and increased richness of poly-
chaetes (especially fabriciine sabellids) Although each of the two communities share important
taxa between their respective pair of stations (e.g., the bivalve Tivela floridana and the amphipod
Haustorius n. sp. at both the Dania Beach and John U. Lloyd sites; the sabellid polychaetes
Fabricioia trilobata and Jasmineira sp. at both the Deep Control and Borrow Area sites), impor-
tant differences exist between stations within each community. For example, in the pre-dredging
surveys, nematodes are the most abundant major group at JUL, while they are absent at DB.
Similarly, the tanaidacean, Cirratodactylus floridensis, is extremely abundant at the Borrow Area
site and rare at the Deep Control site. Although species-area curves suggest that the eighteen
replicate cores taken per station adequately reflect within-station community diversity (see Gray,
1981), larger scale spatial heterogeneity may generate important faunal differences between
stations supposedly representing the same benthic community.
~ Dredging and filling associated with beach nourishment have a well-documented series of
effects on benthic communities. Deposition and dredging reduces and may eliminate, at least
temporarily, entire communities via physical disruption and burial; changes in sediment compo-
sition may alter subsequently established populations, either via direct changes in sediment tex-
ture or indirectly via increased turbidity and resuspension, and reduced sediment stability;
changes in bottom configuration may alter beach drainage patterns and affect deposition and
circulation at the borrow site (Naqvi & Pullen, 1982; Nelson, 1985; Hurme & Pullen, 1988).
Nourishment operations may also generate an "edge-effect" faunal depletion in adjacent areas up
to 400 m from the actual dredge site (Reilly & Bellis, 1983; Poiner & Kennedy, 1984). In con-
trast, dredging and filling may also result in at least temporary faunal enrichment of adjacent
environments. Poiner & Kennedy (1984) observed such enrichment beyond a depleted edge-
effect area up to 2,000 m from the dredge site. Such enrichments have been attributed to inva-
sion of opportunistic species following defaunation of affected areas (Naqvi & Pullen, 1982;
Hurme & Pullen, 1988), and to the release of nutrients associated with suspension of fine sedi-
ments (Poiner & Kennedy, 1984). It remains important, however, to interpret these disturbances
in the context of the natural range of environmental variability and the relative fragility or resil-
iency of the affected fauna. For example, shallow and intertidal assemblages subject to natural
cycles of erosion and accretion associated with seasonal weather patterns and storms will likely
;,
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recover more rapidly than deep-water offshore faunal assemblages (Naqvi & Pullen, 1982;
Hurme & Pullen, 1988).
Much of the monitoring of replenishment operations in the southeastern United States
indicates that recovery of benthic macrofaunal assemblages is rapid once dredging and filling
have ceased (Saloman, 1974; Taylor Biological Co., 1978; Culter & Mahadevan, 1982; Naqvi &
Pullen, 1982; Gorzelany, 1983; Reilly & Bellis, 1983; Gorzelany & Nelson, 1987; Hurme &
Pullen, 1988). However, these studies primarily treat intertidal and immediately subtidal beach
environments dominated by organisms adapted to a rigorous, unstable environment (e.g., hippid
decapods and don acid bivalves). Their results are, therefore, not directly comparable to the
current investigation. In contrast, Goldberg (1985) analyzed, in addition to beach habitats, a
series of offshore soft-bottom environments to a depth of 20-25 m. Although he records post-
dredging increases and decreases in faunal diversity followed by recovery to pre-dredging levels,
he also reports major between-year variations in faunal composition and broad-based declines in
overall faunal abundance. He invokes a variety of ecological processes and biological interac-
tions as factors potentially contributing to the elongated recovery time, but discovers no pattern
of faunal change directly related to replenishment. He concludes a) that environmental hetero-
geneity is too great relative to the study data base to recognize reattainment of faunal equilibri-
um, b) that population adjustments continue to exist at the end of the study, and c) "that the time
scale for achieving populations similar to those found prior to restoration is apparently more than
one year" (Goldberg, 1985).
Results of the current study also strongly suggest that subtidal nearshore and offshore
benthic communities do not respond identically to renourishment operations, nor have they
recovered from the disturbances associated with the dredging and filling. All core stations, with
the exception of the Borrow Area, exhibit initial post-dredging increases in organism abun-
dances. Some if not all of this enrichment is most likely due to seasonal variations: the pre-
dredging survey was carried out in February/March 1989 and the immediate post-dredging
survey took place in August/September of the same year. Although the study area represents a
subtropical environment with dampened seasonal variability relative to higher latitudes, strong
seasonality has been recorded for a wide variety of soft-bottom macrofauna in southeastern
Florida (Gorzelany, 1983; Gorzelany & Nelson, 1987; Charvat, et al., 1990). Increases in abun-
dance are not uniformly paralleled by changes in either species richness or diversity, however.
The two nearshore sampling sites, the Dania Beach (DB) control and the John U. Lloyd
(JUL) toe-of-fill, exhibit continuous marked increases in faunal abundance throughout the course
of this study. As mentioned above, seasonality may account for some of the post-dredging
enrichment (the post-dredging surveys were carried out in August/September of 1989 and 1990),
but it cannot account for the marked increases at both stations from immediately after replenish-
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ment to a full year later. Similarly, seasonality cannot account for the continuous increase in
species richness, diversity and evenness at the DB control site throughout the project. Increases
in abundance at the DB site are largely due to marked increases in nematodes during each suc-
cessive survey. Polychaetes, the dominant group during the first two surveys, are overtaken by
nematodes during the third. Harpacticoid cope pods also exhibit a marked increase during the
third survey. Increases in richness and diversity are largely due to enrichment of the polychaete
fauna, which increases from 5 taxa (pre-dredging) to 33 (one year post-dredging). Faunal domi-
nance changes markedly as well. While the polychaete, Paraonis fulgens, remains in numbers
throughout the project, other species decline or disappear either by the second survey (Tivela
floridana, Dispio uncinata) or the third (Spio peuiboneia, Scolelepis texana), or first appear in
numbers in the second survey (Prionospio cristatai or the third (Questa caudicirra). It thus
appears, seasonality notwithstanding, that the benthic community at the Dania Beach site is
undergoing considerable change and does not represent a stable system. One possible explana-
tion is that the site does not represent an independent control but has been influenced by replen-
ishment operations. The site is located south of the fill area and may receive limited quantities
of resuspended fine sediment carried southward by longshore currents. As such, it may represent
a marginal enrichment area similar to those mentioned by Poiner & Kennedy (1984) and Hurme
& Pullen (1988).
The sampling site directly offshore of the toe-of-fill (lUL) exhibits increases in faunal
abundance overwhelmingly dominated by harpacticoid copepods and nematodes to the point that
they account for 86% of the fauna in the third survey. Apart from these two groups, faunal
abundance, richness and diversity increase from the first to the second surveys, again, perhaps, a
reflection of seasonality, although evenness decreases. The increases are chiefly a reflection of a
50% gain in polychaete taxa and an order of magnitude increase in the number of nemertean taxa
(although non-copepod crustacean richness is halved). However, while non-meiofaunal abun-
dance continues to increase in Survey III, species richness and diversity, and evenness, decline.
Polychaete, oligochaete and nemertean richness values remain at Survey II levels, while non-
copepod crustacean richness returns to pre-dredging levels. Faunal composition at the JUL site
changes continuously throughout the course of the project, as at the Dania Beach site, but the
nature of the change differs somewhat, and is likely directly related to renourishment. Apart
from nematodes, the pre-dredging benthic community is dominated by peracarid crustaceans
(isopods, tanaidaceans, amphipods) with smaller numbers of polychaetes, although the single
most abundant species is the bivalve, Tivelafloridana. In the second survey, polychaetes are the
dominant group (although only one species, Paraprionosyllis longicirrata, remains in numbers),
accompanied by a marked increase in oligochaetes and a decline in peracarid crustaceans. The
most abundant single, non-meiofaunal species, however, is the free-living, solitary coral, Spheno-
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trochus n. sp. By the third survey, oligochaetes are the most abundant group at JUL, though
represented by far fewer species than the polychaetes. Several taxa remain in numbers from
Survey II (Hesionura elongata, Heterodrilus bulbiporus, and Protodorvillea kefersteini), while
others have declined or disappeared (Sphenotrochus n. sp.), or occur for the first time (Grania
sp.), The increasing dominance of oligochaetes is a probable effect of renourishment. The spe-
cies present particularly favor the sediment used as fill: calcareous sand with a silt content up to
about 5% (M. Milligan, personal communication). Oligochaetes may, therefore, continue to
dominate nearshore assemblages adjacent to the fill site, until winnowing and longshore transport
restore the sediment to pre-dredging conditions, that is, well-sorted and siliciclastic and carbon-
ates. Southward longshore drift of fill sediments may also have caused the increase in the oligo-
chaete component of benthic communities at the Dania Beach site.
Benthic communities at the two offshore sites exhibit greater similarity than found between
the two inshore sites before renourishment. During Survey I, the Deep Control and Borrow Area
sites share about three quarters of their component taxa. About half of the Dania Beach taxa also
were found at JUL before dredging began. Polychaetes (especially fabriciine sabellids) dominate
at both stations, although the Borrow Area site includes markedly more crustaceans (chiefly the
tanaidacean, Cirratodactylusfloridensis) than the Deep Control.
The Deep Control site experiences an immediate post-dredging increase in faunal abun-
dance which, as mentioned above, may reflect seasonal variability. Polychaetes and nematodes
account for most of the increase in numbers, although gains in the latter are modest by compari-
son with increases at the inshore stations. Also unlike the inshore stations, faunal abundance
decreases as of the third survey, one year after replenishment. This decrease also is dominated
by polychaetes and nematodes, which both decline markedly in numbers. In a further departure
from trends visible at inshore sites, species richness declines throughout the project while diver-
sity and evenness initially decline (Survey II) and then recover (Survey III), although not to pre-
dredging levels. Although seasonality may be all or partly responsible, the increase in faunal
abundance immediately post-dredging also may be a marginal enrichment effect similar to that
proposed for the Dania Beach site. Such an enrichment may be derived from nutrients and/or fine
sediments suspended by dredging and associated with the observed northward drifting sediment
plume. The Deep Control site is directly north of the Borrow Area. The short-lived nature of this
increase in abundance agrees with enrichments documented in association with other dredging
- operations (Hurme & Pullen, 1988).
Specific faunal changes among surveys also suggest that the Deep Control site does not
represent a stable assemblage. Although fabriciine sabellid polychaetes remain important
components throughout the project (Fabriciola trilobata and Chone cf. americana), other taxa
either decline or disappear in Survey II (Synelmis sp. B, Rutiderma mollitum) or Survey III
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(Haplosyllis spongicola), or first appear during Survey II (Prionospio cristata, Armandia macu-
lata) or Survey III (Phoronis ?architecta). The free-living bryozoan, Cupuladria sp. represents
another indication that this site may not represent an independent control. This species appears at
both offshore stations only before dredging and one year post-dredging. The Borrow Area is
unquestionably disturbed by the dredging. The parallel temporal distribution of this species at
both sites suggests that it may be affected by the same disturbance.
Benthic assemblages at the Borrow Area site are clearly depleted by dredging. Faunal
abundance, species richness, diversity and evenness all decline markedly in the survey immedi-
ately following dredging operations. Several taxa, notably the spionid polychaetes, Pseudopoly-
dora sp. and Prionospio cristata, do exhibit increased abundances immediately following dredg-
ing. Although these two taxa have not been examined in detail, the family Spionidae includes
many members capable of rapid colonization of disturbed areas either because they produce large
numbers of planktonic larvae, mature rapidly (within weeks), or tolerate considerable disturbance
(Grassle & Grassle, 1974; Simon & Dauer, 1977; Nowell, et al., 1989). These contrast with taxa
such as the tanaidacean, Cirratodactylus floridensls, which, like most benthic peracarid crusta-
ceans (and all tanaidaceans), lacks a planktonic larva and is less likely to recover quickly follow-
ing a disturbance.
All measured community parameters: abundance, richness, diversity and evenness, in-
crease from the second to the third survey at the Borrow Area site, suggesting that environmental
recovery is underway. The reappearance of the free-living bryozoan, Cupuladria sp., supports
this suggestion, as does the disappearance or decline by the third survey of opportunistic species
appearing for the first time in Survey II (e.g., Pseudopolydora sp.). Other faunal components
indicate that the recovery is incomplete. Some species disappear following the first survey (e.g.,
Axiothella sp. A, Heteropodarke Iyonsi); others reappear in Survey III, but only in greatly re-
duced numbers (e.g., Fabriciola trilobata, Cirratodactylus floridensis, Jasmineira sp.). As an
example of this limited recovery, of the 57 polychaete taxa recorded in Survey III, nine remain
from Survey II, 12 reappear from Survey I, and eight are common to all three surveys.
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5.0 CONCLUSIONS
5.1 Transects and Quadrats
The macroinvertebrate fauna and macroflora of ten Broward County reef community sta-
tions have been assessed three times: prior to, directly after, and one year after the John U. Lloyd
Beach Renourishment project. Stations were chosen adjacent to borrow and fill areas. Varia-
tions in organism abundance and richness exhibit no pattern relative to dredge or fill activities at
the investitgation sites. Observed changes cannot, therefore, be attributed to beach renourish-
ment activites.
5.2 Cores
The macroinvertebrate fauna of two inshore and two offshore Broward County soft bottom
stations have been assessed three times: prior to, directly after, and one year after the John U.
Lloyd Beach Renourishment project. Community structure varies widely over the course of the
study. Increased abundance and richness may have a strong seasonal component. Both control
sites (DB and DC) may have been affected by renourishment activities. The JUL (toe of fill) site
exhibits a major faunal shift, probably associated with an altered sedimentary environment.
Benthic community structure at the Borrow Area site was strongly modified immediately after
dredging; recovery is incomplete one year later.
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•Figure 1: Biological monitoring site locations.
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Figure 3: Belt-Quadrat transect parameters (coverage and density) versus depth.
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Figure 4: a) Stony coral coverage at each JUL site and assessment period.
b) Stony coral density at each JUL site and assessment period.
(Both are for Belt-Quadrat transects)
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Fill site using Belt-Quadrat transects.
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Figure 7: Changes among assessment periods in mean coverage and density at Borrow and Fill
site groupings using Belt-Quadrat transects.
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Figure 8: Quadrat 2. A. Survey I (pre-dredging; 14 March 1989): large colony of brain coral,
Dip/oria strigosa, retreating from original colony margin (arrows). Colony lobes marked
'a' and 'b' were detached as of Survey II. Large, red, branching sponge is Rhaphido-
ph/us juniperinus. B. Survey III (one year post-dredging; 6 August 1990): D. strigosa
continues to retreat. Separated lobes (not visible) continue to decline.
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Figure 2: Species-area curves for Belt-Quadrat transects.
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Figure 9: Quadrat 3. A. Survey I (pre-dredging; 15 March 89): Colony of Montastrea annularis
surrounded by sponges [Amphimedon compressa (red and brown) and ?Ulosa ruetzleri
(orange)]. Note white lesions on M. annularis. B. Survey II (immediately post-dredging;
15 September 89): note decline in A. compressa at upper left and change in lesions,
especially appearance of large lesion (perhaps a parrotfish bite mark)(arrow). C. Survey
III (one year post-dredging; 15 August 90): note continued decline in surrounding
sponges, lesion healing, and retreat of tissue along small portion of corallum margin
(arrow). Also note increase in macroalgal carpet dominated here by red filamentous mats
of cyanobacteria and green cluster of Dictyota bartayresii. Coral tissue retreat is unac-
companied by potentially causal, partial burial.
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Figure 10; Quadrat 5. A. Survey I (pre-dredging; 2 March 89): one of two large colonies of
Diploria clivosa. B. Survey III (one year post-dredging; 9 August 90): D. clivosa colony
essentially unchanged. Slightly different appearance and apparent, partial burial (arrow)
are apparently due to different camera angle than in A; no partial burial was observed
during visual inspection of quadrat. Note large tufts of reddish filamentous cyanobacteria
attached to alcyonarians.
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,............,.
Figure 11: Quadrat 10. A. Survey I (pre-dredging; 24 February 89): portion of quadrat showing
barren substrate, two colonies of Montastrea cavernosa (center and left of center), the
sponge Pseudaxinella lunaecharta (red, at far left), and two colonies of colonial ane-
mone, Palythoa mammillosa (tan, at bottom and far right). The arrows indicate an alcyo-
narian. B. Survey III (one year post-dredging; 6 August 90): note increase in macroalgal
carpet and overgrowth of alcyonarian (arrows), and apparent growth of one P. mammillo-
sa colony (bottom).
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Figure 12: Net changes in abundance and species richness for 2 x 2 m Quadrats.
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Figure 13: a) Adjusted macrofauna! abundance for core stations by sampling period.
b) Tota! macrofaunal abundance for core stations by sampling period.
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Figure 14: Adjusted macrofauna! species richness for core stations by sampling period.
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Figure 15: a) Diversity Indices (H') for core station macrofauna by sampling period;
b) Evenness (1') for core station macrofauna by sampling period.
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APPENDIX 1
TRANSECT DATA
Table 1-1: Stony coral coverage, colony abundance by species, site, and sampling period.
Table 1-2: Summary of transect data by sampling period.
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Appendix 1: Transect Data
Table 1-1 Detailed transect data---------------------------------------------------------------
H'e = Shannon Weaver diversity index based on coverage data
H'N = Shannon Weaver diversity index based on numerical abundance data
H'MAX = Maximum diversity = In (number of species)
H'C/HMAX (Eveness); H'N/HMAX (Eveness)---------------------------------------------------------------
Site 1 Site 1 Site 1
14-Mar-89 15-Sep-89 24-Aug-90
50' 50' 50'
SITE 1, SW Borrow, 2nd Reef, 45'
f CORALS SAMPLED 118 103 86
REEF SAMPLED (M2) 30 30 30
CORAL COVERAGE (CM2) 4,573 3,686 3,930
f CORALS/M2 3.9 3.4 2.9
% CORAL COVERAGE 1.52% 1.23% 1.31%
f BLEACHED CORALS 3 5 2
% * BLEACHED CORALS 2.5% 4.9% 2.3%
AREA BL. CORALS (CM2) 159 144 399
% AREA BL. CORALS 3.5% 3.9% 10.1%
DIVERSITY
f SPECIES 14 14 12
H'C 2.00 2.20 2.17
H'N 2.17 2.14 2.05
HMAX 2.64 2.64 2.48
H'C/HMAX 0.76 0.83 0.87
H'N/HMAX 0.82 0.81 0.82
SPECIES AREA NUM. AREA NUM. AREA NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2
AG 20 1 15 1 20 1
CL 13 1
CV 1,455 11 529 9 760 5
EU 50 1 79 2 79 1
MA 10 1 113 1 50 1
MD 28 1 50 1
ME 432 17 459 13 399 9
ML 162 11 184 19 343 23
MU 3 1
MY 58 2 12 1
PA 523 11 429 8 395 5
PP 32 2
SD 169 11 126 5 218 4
SK 511 20 420 13 623 15
SL 352 3 444 3 409 3
SP 800 27 812 26 603 17
4,573 118 3,686 103 3930 85
14 14 12
1-2
Table 1-1 Continued
SITE 2, SE Borrow,* CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)* CORALS/M2
% CORAL COVERAGE* BLEACHED CORALS
% * BLEACHED CORALS
AREA BL.CORALS (CM2)
% AREA BL. CORALS
DIVERSITY* SPECIES
H'C
H'N
Site 2
14-Mar-89
55'
3rd Reef
90
30
8,986
3.0
3.00%
4
4.4%
124
1.4%
Site 2
01-Sep-89
55'
Site 2
06-Aug-90
55'
68
30
9,168
2.3
3.06%
1
1.5%
10.0
0.1%
91
30
8,385
3.0
2.79%
3
3.3%
639.3
7.6%
HMAX
H' C/HMAX
H'N/HMAX
11
1.71
2.22
2.40
0.71
0.93
11
1.69
2.21
2.40
0.70
0.92
13
1.86
2.24
2.56
0.72
0.87
SPECIES AREA NUM. AREA NUM. AREA NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2
AC 30 1
CV 1,208 12 1,162 17 790 13
DL 314 1
MA 3,657 9 2,214 5 3,467 9
MD 148 7 62 5 98 5
ME 2,039 11 3,864 . 6 1,711 5
ML 316 18 194 11 286 25
MY 38 1 114 2 107 2
PA 122 4 202 6 204 5
SD 254 13 238 3 288 8
SK 118 6 154 4 114 6
SL 849 3 688 3 731 3
SP 225 6 276 6 244 8
8,974 90 9,168 68 8,385 90
11 11 13
1-3
Table 1-1 Continued
Site 3
15-Mar-89
55'
3rd Reef
60
30
7,735
2.0
2.58%
7
11.7%
78
1.0%
Site 3
15-Sep-89
55'
Site 3
15-Aug-90
55'
SITE 3, NE Borrow,
# CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)
# CORALS/M2
% CORAL COVERAGE
# BLEACHED CORALS
% # BLEACHED CORALS
AREA BL.CORALS (CM2l
% AREA BL. CORALS
DIVERSITY
# SPECIES
WC
WN
58
30
7,515
1.9
2.50%
5
8.6%
794
10.6%
54
30
5,800
1.8
1. 93%
1
1. 9%
12.6
0.2%
12
1.46
2.09
2.48
0.59
0.84
13
1.44
2.04
2.56
0.56
0.79
11
1.37
1. 97
2.40
0.57
0.82
HMAX
W C/HMAX
W N/HMAX
SPECIES AREA NUM. AREA NUM. AREA NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2
CV 2,991 20 2,912 21 2185 20
EU 38 1 50 1 26 4
MA 3,157 6 3,167 6 2,499 6
MD 98 1 24 1
ME 73 2 128 2 13 1
ML 138 6 70 6 104 6
MY 20 1 64. 1 28 1
PA 211 3 177 1 126 2
PP 6 1
SD 53 3 78 5 13 1
SK 298 9 410 9 371 7
SL 491 3 268 2 334 2
SP 169 5 161 2 101 4
Totals 7,735 60 7,515 58 5,800 54
12 13 11
1-4
Table 1-1 Continued
20 m TRANSECT
SITE 4 , NW Borrow,
# CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)
# CORALS/M2
% CORAL COVERAGE
# BLEACHED CORALS
% # BLEACHED CORALS
AREA BL.CORALS (CM2)
% AREA BL. CORALS
Diversity
# Species
H'C
H'N
HMAX
H' C/HMAX
H' N/HMAX
SITE 4
22-Jul-88
47'
2nd Reef
130
30
3,871
4.3
1.29%
5
16.7%
166.5
4.3%
Site 4
23-Feb-89
47'
Site 4
08-Sep-89
47'
Site 4
24-Aug-90
50'
95
30
3,527
3.2
1.18%
1
1.1%
3.14
0.1%
88
30
5,401
2.9
1. 80%
6
6.8%
629
11.7%
89
30
3,902
3.0
1.30%
1
1.1%
0.0
000.0%
13
1. 99
2.16
2.56
0.78
0.84
14
2.16
2.30
2.64
0.82
0.87
11
2.01
2.12
2.71
0.74
0.78
16
2.28
2.42
2.77
0.82
0.87
SPECIES AREA NUM. AREA NUM. AREA NUM. AREA NUM.%
CODE COVERAGE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2 CM2
AC 125 10
AG 89.5 3 35 2 13 1
CV 302.0 11 623 11 595 4 796 4
DC 25.1 2
DL 7 1
DS 20 2 314 1
EU 10 2 7 1
MA 117 3 1,582 5 19.63 1
MD 58.8 5 168 2 79 1
ME 424.1 13 294 15 689 17 635 9
ML 99.7 6 24 5 45 6 208 9
MU 38.5 1 3 1
MY 14.9 3 189 3 20 1
PA 490.9 6 226 8 395 10 179 8
PP 36 4
SD 219.4 13 429 6 408 6 155 9
SK 560.0 19 71 9 401 13 275 11
SL 160.2 7 377 3 601 5 467 3
SP 1388.3 41 944 24 671 20 580 16
3871.5 130 3,527 95 5,401 88 3,902 89
13 14 11 16
1-5
% SPECIES AREA NUM.AREA NUM.AREA NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2
AC 1,012 6 74 5 204 5
DC 3,034 3 2,406 5 2,547 4
PA 345 7 117 7 177 4
PP 10 1
SD 23 6 184 14 7 1
SK 224 3 305. 2 415 4
SP 8 1 10 1
4,645 26 3,096 34 3,360 19
t SPECIES 6 6 6
Table 1-1 Continued
SITE 5, N Fill, 1st* CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)* CORALS/M2
% CORAL COVERAGE* BLEACHED CORALS
% * BLEACHED CORALS
AREA BL.CORALS (CM2)
% AREA BL. CORALS
DIVERSITY* SPECIES
H'C
H'N
HMAX
H' C/HMAX
H'N/HMAX
Site 5
02-Mar-89
10'
Reef, 10'
26
30
4,645
0.9
1.55%
o
00.0%
0.0
00.0%
Site 5
01-Sep-89
10'
Site 5
09-Aug-90
10'
34
30
3,096
1.1
1.03%
o
00.0%
0.0
00.0%
19
30
3,360
0.6
1.12%
o
00.0%
0.0
00.0%
6
0.99
1.65
1.79
0.55
0.92
6
0.82
1.52
1.79
0.46
0.85
6
0.82
1. 65
1.79
0.46
0.92
Table 1-1 Continued
SITE 6, S Fill, 1st
# CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)
# CORALS/M2
% CORAL COVERAGE
# BLEACHED CORALS
% # BLEACHED CORALS
AREA BL.CORALS (CM2)
% AREA BL. CORALS
DIVERSITY
# SPECIES
H'C
H'N
HMAX
H' C/HMAX
H'N/HMAX
Site 6
02-Mar-89
9'
Reef, 9'
42
30
3,994
1.4
1.33%
o
00.0%
0.0
00.0%
Site 6
30-Aug-89
9'
Site 6
09-Aug-80
10'
45
30
3,401
1.5
1.13%
1
2.2%
3.1
0.09%
30
30
4,194
1.0
1.40%
2
6.7%
14.0
0.3%
5
0.96
0.99
1. 61
0.60
0.62
6
1.16
1.17
1.79
0.65
0.65
6
1.16
1.07
1.79
0.65
0.60
SPECIES AREA NUM. AREA NUM. AREA NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2
AC 1,043 6 1,027 4 1,200 2
DC 500 1 600 1 1,250 1
ML 14 2 12 1
PA 2,415 29 1,663 29 1,685 21
PP 10 2 47 3 14 2
SD 26 4 50 6 34 3
3,994 42 3,401 45 4,194 30
5 6 6
1-7
Table 1-1 Continued
SITE 7, S Fill, 2nd* CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)* CORALS/M2
% CORAL COVERAGE* BLEACHED CORALS
% * BLEACHED CORALS
AREA BL.CORALS (CM2l
% AREA BL. CORALS
DIVERSITY* SPECIES
H'C
H'N
HMAX
H' C/HMAX
H'N/HMAX
Site 7
07-Mar-89
30'
Reef, 30'
60
30
2,298
2.0
0.77%
2
3.3%
36
1.6%
Site 7
30-Aug-89
30'
Site 7
15-Aug-90
30'
52
30
2,616
1.7
0.87%
5
9.6%
37
1.4%
52
30
2,878
1.7
0.96%
1
1.9%
78 .5
2.7%
10
1.83
1. 68
2.30
0.79
0.73
9
1.79
1.89
2.20
0.81
0.86
10
1.99
1.84
2.30
0.86
0.80
SPECIES AREA NUM. AREA NUM. AREA NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2
AG 15 1 13 1 79 1
CV 441 3 794 7 447 4
DC 13 1 13 1
ME 415 1 415· 1 573 1
ML 38 3 15 4 29 4
PA 120 2 130 3 134 2
SD 347 23 367 12 427 14
SK 706 19 544 14 593 17
SL 137 3 270 2 225 2
SP 64 4 67 8 360 6
2,296 60 2,616 52 2,878 52
10 9 10
1-8
Table 1-1 Continued
SITE 8, S Borrow,* CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)* CORALS 1M2
% CORAL COVERAGE* BLEACHED CORALS
% * BLEACHED CORALS
AREA BL.CORALS (CM2)
% AREA BL. CORALS
DIVERSITY* SPECIES
Site 8
07-Mar-89
50'
3rd Reef
Site 8
13-Sep-89
50'
Site 8
09-Aug-90
55'
37
30
3,069
1.2
1.02%
4
10.8%
73
2.4%
36
30
3,108
1.2
1.04%
2
5.6%
79
2.5%
43
30
3,123
1.4
1.04%
2
4.7%
81. 0
2.6%
H'C
H'N
HMAX
H' C/HMAX
H' N/HMAX
8
1. 64
1. 99
2.08
0.79
0.96
8
1.72
1. 95
2.08
0.83
0.94
8
1.82
1. 93
2.08
0.88
0.93
SPECIES AREA NUM. AREA NUM. AREA NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2
CV 572 6 1,087 8 603 8
MA 498 2 528 5 621 4
ML 126 4 115 5 141 7
PA 105 4 108 2 113 1
SD 75 6 240 3 213 7
SK 284 8 244 8 309 9
SL 1,307 2 728 3 966 2
SP 102 5 57 2 156 5
3,069 37 3,108 36 3,123 43
8 8 8
1-9
Table 1-1 Continued
20 m TRANSECT
SITE 10, N Fill,
# CORALS SAMPLED
REEF SAMPLED (M2)
CORAL COVERAGE (CM2)
# CORALS/M2
% CORAL COVERAGE
# BLEACHED CORALS
% # BLEACHED CORALS
AREA BL.CORALS (CM2)
% AREA BL. CORALS
DIVERSITY
# SPECIES
H'C
H'N
HMAX
H' C/HMAX
H' N/HMAX
SITE 10
11-Jul-88
27'
2nd Reef
Site 10
24-Feb-89
27'
Site 10
31-Aug-89
27'
Site 10
06-Aug-90
27'
42
30
1,652
1.4
0.55%
1
2.4%
113.1
6.8%
42
30
3,783
1.4
1.26%
3
7.1%
30
0.8%
41
30
3,038
1.4
1.01%
2
4.9%
102.1
3.4%
57
30
4,103
1.9
1.37%
1
1.8%
7.0
0.2%
10
1.23
1.83
2.30
0.53
0.79
9
1.18
1.74
2.20
0.54
0.79
7
1. 64
1.73
1. 95
0.84
0.89
9
1.07
1. 64
2.20
0.49
0.74
SPECIES AREA NUMBER AREA NUM. AREA NUM. AREA NUM.
CODE COVERAGE COVERAGE COVERAGE COVERAGE
(CM2) CM2 CM2 CM2
AG 1 1
CL 393 2
CV 1,042 5 472 7 2,476 7 1,077 8
DC 13 1 38 1
DS 80 1 7 1
EU 7 1
MA 40 1 140 1
ME 13 1
ML 10 2 7 1 5 1
FA 38 1 38 1 13 1
SD 264 13 297 10 372 13 655 5
SK 87 12 2,812 20 524 11 484 13
SL 120 2 7 1 79 1 115 2
SP 16 3 382 15 134 6 297 8
1,632 41 4,103 57 3,783 42 3,038 40
10 9 9 7
1-10
Table 1-1 Continued
SITE 11 Site 11 Site 11 Site 11
20 m TRANSECT only 14-Jul-88 28-Feb-89 31-Aug-89 14-Aug-90
30' 30' 30' 30'
SITE 11, Ft. Laud.Control, 2nd Reef
# CORALS SAMPLED 50 34 28 30
REEF SAMPLED (M2) 30 30 30 30
CORAL COVERAGE (CM2) 1,682 2,286 3,649 2,128
# CORALS/M2 1.7 1.1 0.9 1.0
% CORAL COVERAGE 0.56% 0.8% 1.2% 0.71
# BLEACHED CORALS 8.0 2 4 1
% # BLEACHED CORALS 16.0% 5.9% 14.3% 3.3%
AREA BL.CORALS (CM2) 36.1 89 156 270.0
% AREA BL. CORALS 2.1% 3.9% 4.3% 12.7%
DIVERSITY
# SPECIES 11 8 8 9
H'C 2.02 1.55 1.20 1.79
H'N 2.13 1.67 1.77 1.88
HMAX 2.40 2.08 2.08 2.20
H'C/HMAX 0.84 0.75 0.58 0.81
H'N/HMAX 0.89 0.80 0.85 0.85
SPECIES AREA NUMBER AREA NUM. AREA NUM. NUM.
CODE COVERAGE COVERAGE COVERAGE
CM2 CM2 CM2 CM2
AG 13 2 7 1
CL 133 1 79 1 79 1 480 1
CV 340 6 583 12 150 7 206 6
DC 23 3
DL 215 2
MA 64 1
ME 316 3 638 2 2167 3 375 1
ML 22 4 7 1 6 1 18 3
SD 201 14 176 9 556 9 450 8
SK 60 9 90 6 51 4 51 7
SL 327 2 701 2 633 2 477 2
SP 31 4 13 1 7 1
1, 682 50 2,286 34 3,649 28 2,128 30
TOTAL
11 8 8 9
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Table 1-1Continued
Code:Coral Species
AG Agarncia agarlcites
AC Acropora cervicornis
CL ColpQphyllianatans
CV Montastrea cavernosa
DC Diploria clivosa
DL Diploria labyrtnthiformis
DS Diploria striflOsa
ED Eusmilia fasUgiata
MD Madracis decatls
MA Montastrea annu1arls
ME Meandrina meandrites
ML Milleporaalcicornis
MU Mussa angulosa
MY Mycetophylliadanaana
OC Oculina yartcosa
PA Porites astreoides
PP Porites porites
SD Siderastrea siderea. Sidereastrea radians
SK Dichocoenia stoksii
SL Solenastrea hyades. Solenastrea bournoni
SP Stephanocoenia michelini
1-12
Table 1-2: Survey I, IT, and ITl: % coral coverage, and density (corals I m2) and corresponding
means, standard deveiations, and coeficients of variation for individual sites and site groupings.
------------------------------------------------------------------------
% CORAL COVERAGE 1 CORALS/M2
Mar-89 Sep-89 Aug-90 Mar-89 Sep-89 Aug-90
Borrow Sites
Site 1 1.5% 1.2% 1.3% 3.93 3.43 2.87
Site 2 3.0% 3.1% 2.8% 3.00 2.27 3.03
Site 3 2.6% 2.5% 1.9% 2.00 1.93 1.80
Site 4 1.2% 1.8% 1.3% 3.17 2.93 2.97
Fill Sites
Site 5 1.5% 1.0% 1.1% 0.87 1.13 0.63
Site 6 1.3% 1.1% 1.4% 1.40 1.50 1.00
Site 7 0.8% 0.9% 1.0% 2.00 1.73 1.73
Site 8 1.0% 1.0% 1.0% 1.23 1.20 1.43
Site 10 1.4% 1.3% 1.0% 1. 90 1.40 1.37
Site 11 0.8% 1.2% 0.7% 1.13 0.93 1.00------------------------------------------------------------------------
MEAN MEAN
% CORAL COVERAGE DENSITY (I CORALS/M2)
Mar-89 Sep-89 Aug-90 Mar-89 Sep-89 Aug-90
BORROW: 2ND & 3RD REEFS SITES
Sitesl,2,3,4 2.1% 2.1% 1.8% 3.03 2.64 2.67
SO 0.9% . 0.8% 0.7% 0.80 0.67 0.58
CV 42% 37% 38% 26% 25% 22%
FILL: 1ST REEF SITES
Sites 5,6 1.4% 1.1% 1.3% 1.13 1.32 0.82
SD 0.2% 0.1% 0.2% 0.38 0.26 0.26
CV 11% 7% 16% 33% 20% 32%
FILL: 2ND AND 3RD REEF SITES
Sites 7,8,10 1.1% 1.1% 1.0% 1.71 1.44 1.51
SD 0.3% 0.2% 0.0% 0.42 0.27 0.20
CV 29% 18% 4% 24% 19% 13%
FILL: ALL SITES
Sites 5-10 1.2% 1.1% 1.1% 1.48 1.39 1.23
SD 0.3% 0.1% 0.2% 0.47 0.24 0.42
CV 26% 13% 16% 32% 17% 34%
------------------------------------------------------------------------
CONTROL; 2ND REEF SITE
Site 11 0.8% 1.2% 0.7% 1.13 0.93 1.00--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 2-1: Quadrat 1 Results
Table 2-2: Quadrat 2 Results
Table 2-3: Quadrat 3 Results
Table 2-4: Quadrat 4 Results
Table 2-5: Quadrat 5 Results
Table 2-6: Quadrat 6 Results
Table 2-7: Quadrat 7 Results
Table 2-8: Quadrat 8 Results
Table 2-9: Quadrat 10 Results
Table 2-10: Quadrat 11 Results
APPENPIX2
QUADRAT DATA
Table 2-11: Summary of variations in quadrat abundance.
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TABLE 2-1: Summary of epifaunal and epifloraI abundance and
richness at Quadrat 1 by sampling period.
ACTO ora cervicornis 1 l'
Dichacaenia stokesii 4 5 4
Madracis deeaetis? 1
Meandrina meandrites 2 2 3
Montastrea cavernosa 2 1 1
Seol mia 'Mussa s . 1 1
Siderastrea siderea 1" 1" 5"
So/enastrea boumoni 2 2 2
Ste hanocoenia michelin; 3 6 6
ABUNDANCE: 15 19 23
RICHNESS: 7 8
Briareum asbestinum 17 5 11
16 23 9
3 3 3'
8 10 5
2 2 2
4 4 5
3 3 4
3 3 1
9 9 13
1 2'
13 12
2
78
Erythropodium caribaeorum
Eunicea mammosa group
Eunicea tourn orti
Plexaura flexuosa
"0 acerosa?
"0 americana
4 4 2
9 9 4
1 1
3" 6" 2"
1 3 1
2 2 2
2 2 3
1 1 1
6 5 6
10 23 28
1 4 3
2·2
Pseudoceratina CTQSSa
Rha hido hlus iuni erinus
S irastrel/a coccinea
1JI0sa ruetzleri
Pur Ie encrustin
Pale lobate encrustin
Sabel/astarte ma itica
Unidentified Sabellidae
Unidentified Ser ulidae
Red al a +
Red filamentous mat +
Lt. een filamentous mat +
Brown tufts +
Callithamnion s + +
+
Die ota bart resii + +
Halimeda 0 untia f. minor +
Jania ea il/aeea +
+
Oscillatoria s . 1 +
Gscil/atoria s . 2 +
a partly overgrown by algae
b small recruits
c includes 1 dying colony
53272.01j04/fABLE1.S·CHjJSJj3/012291
TABLE 2-2: Summary of epifaunal and epifloral abundance and
richness at Quadrat 2 by sampling period.
Dichocoenia stokesii 4 5
3'Di loria stri osa 2 3'
Madracis decactis 31 3
Montastrea cavemosa 3 4 3
Solenastrea boumoni? 1
Ste hanocoenia michelini'l
3
1
6b
1 1
Montastrea annu/aris
ABUNDANCE: 14
RICHNESS: 6
·H'~PN£Rtgl 'IrII
22
6
18
7
Briareumasbestinum 4 93
E thro odium caribaeorum 1920 42
Eunicea fusca 13 15 15
Eunicea clavi era 11 1
Gorgonia ventalina 11 1
Plexaura f/exuosa
Pseudo tero 0 °0 americana
ABUNDANCE
RICHNESS:
5
2
45
7
3
2
67
7
3
2
50
7
A elas clathrodes 2 2 3
5Am himedon compressa 7 8
Cal/ s on a lici era 3 2
Cal/ s on ·a va 'natis 2
Clathriidae 52
Clionidae (Ig oscules)
2
5
2
66
6
3
1
63
5
1
3Iotrochota birotulata 2 4
Ireinia elix 1 2 3
3Ircinia strobilina 3 4
Niphates digitalis 1 12
Ni hates erecta 12 18 28'
Pseudaxinel/a lunaecharta 2 5 6
3Rhaphidophlus juniperinus 2 2
S irastrella coccinea 9 169
Ulosa ruetzleri 18 1328
Xestos on °0 mula 3 3 3
Smooth oran e lobate 1 1 1
Smooth re lobate 1 1
ABUNDANCE: 122
RICHNESS: 17
160
19
171
19
Phoronis archltecta'l 1
pclLycRmr.iHf
Sabel/astarte magnifica
Unidentified Sabellidae
Unidentified Ser ulidae
Styelidae n. s . clusters
11ZO~lD~lI
Pal;thoa mammillosa
+Amphiroa fra ilissima
+ + +
+
+
+
+
+
+
+
+
+
+
+
+
+
Callithamnion s
Ceramium sp. 1
Ceramium s . 3
Oscillatoria sp. 1
Oscillatoria s . 2
Oscillatoria sp. 3
Udotea s inulosa
Flat brown al a
Red al a
• includes a small pioneer colony of uncertain identity.
b the 5 M. annutaris in survey 'I' are parts of a sinele dving heap,
most likely misidentified as srt'!.al , pioneer colonies 6T S: tiournoru
10 survey II.
includes numerous small recruits of uncertain identity.
d some growing on fishing line.
53272.01/04(fABLE2.sCH/JSJ/3/012291
2-3
TABLE 2-3: Summary of epifaunal and epifloral abundance and
richness at Quadrat 3 by sampling period.
p~riijilit
1m..
3 6 4
2 2 2
1 1 1
2 2 2
1 2
1 1
1 2
9 14 13
5 7 6
23 35 22
+45 66 69
6 9 4
1 1 2
3 3 3
2 2 2
4 3 5
+84 119 107
7 7 7
Dichacaenia stokesii
Montastrea annularis
Montastrea cavemosa
Porites astreoides
Siderastrea siderea
Solenastrea boumoni
Ste hanocoenia michelin;
ABUNDANCE:
RICHNESS:
Briareum asbestinum
ABUNDANCE:
RICHNESS:
Flat brown al a +
Red alga +
Dark red mat +
Dark een mat +
Pale een mat +
Pale brown mal +
4 1Udotea s .
Halimeda s + +
Ceramium sp. 1 +
Die ota bart esii + +
Gelidium s . +
Ionia capillacea +
Am himedon com Tessa
Aplysina cauliformis 8
Cal/ s on a lid eTa 1
Cal/ s on ·a va 'nalis 4 4
Clathriidae 26 26
Homaxinella rudis 2' 1 1
Iotrochota birotulata 2 1 1
Ircinia cam ana 1 1 1
Ircinia elix? 1 2
Ircinia strobilina 2' 2 1
Ni hates di 'talis 2 1 1
Ni hates erecta 11 16 12
Pseudaxinella lunaechana 4
Pseudoceratina crassa 1
Rho hido hlus iuni erinus 1 1
S irastrella coccinea 5 17 2
Ulosa ruetzieri 30 48 25
Xestos on °0 mula 1 1 1
Pale 1
ABUNDANCE: 91 140 104
RICHNESS: 16 19 16
2-4
Lnbas.1 +
Oscil/atoria s . 1 +
Oscillatoria s . 2 +
I 1 specimen partly algae-covered.
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TABLE2-4: Summary of epifaunal and epifloral abundance and
richness at Quadrat 4 by sampling period.
Pur Ie encrustin 3 2 11
3 5 4
1 1 1
3 3 2
2 2 2
l'
2 2 3
1 1 1
3 5 4
15 20 18
7 8 8
9 16 8
14 13 6
? 2 2
5 6
25 26
2 2
1 1
6 6
l'
A aricia a aricites
Pink runners 5 4Dichacaenia stokesii
Pale lobate encrustin 7 4 5M 'adracis decactis
Unidentified Clionidae 1 1 2Meandrina meandrites
Black encrustin 2Montastrea cavemosa
ABUNDANCE: 70 49 70
RICHNESS: 17 14 18
Scol mia Mussa s .
Siderastrea siderea I:;;;:;:~:::AIII3 I 3 I 31
UltoclIUiifiATAII···························.
Solenastrea boumoni
. Stephanocoenia michelini
ABUNDANCE:
RICHNESS:
+ +Briareum asbestinum
+E thro odium caribaeorum
Cal/ithamnion s . +Eunicea cal culata't"
Cau/e a roli era +Eunicea clavi era
+Ceramium s . 1 +Eunicea sea
Ceramium s . 3 +Eunicea laciniata
Cham ia arvula +Eunicea mammosa ou
+Plexaura exuosa
+ +Pseudo tero 0 "0 americana
+
Jania ca il/acea +
+.1
.2 ++2 2 2
7 3 7
Cal/yspongia vaginalis 1
Clathriidae 7 9
Ec 0 lasia eroxt 7 10 10
Iotrochota birotulata 1 1
Ircinia cam ana 2 2 1
Ircinia strobilina 1 2 1
Ni hates di italis 3 2 2
Ni hates erecta 12 10 13
Pseudaxinel/a lunaecharta 2 6
Rha hido hlus iuni erinus 2 2 2
S irastrel/a coccinea 7 3 5
S on "a1 s . 1
Ulosa ruetzleri 1
Xestos on "0 mula _ 1
2-5
Oscil/atoria s . 1 ++
Oscil/atoria s . 2 ++
• small recruit.
b possibly outside quadrat tape during survey I.
53272.01j04(fABLE4.SCHjJSJj3jOI2291
TABLE2-5: Summary of epifaunal and epifloral abundance and
richness at Quadrat 5 by sampling period.
Dichocoenia stokesii 1 1 1
Di loria clivosa 2 2 2
Porites astreoides 2 2' 2
Siderastrea siderea 1 1 1
ABUNDANCE: 6 6 6
RICHNESS: 4 4 4
rt:I![[i[i!:~ i~6NAifAIr
Briareum asbestinum 23 24' 8
5 5
Eunicea as erula 1 1 1
Eunicea sea 6 7 9
Eunicea mammosa au 7 10 8
Murieea s 2 l' l'
Plexaura exuosa 2 3 3
Pseudo tero 0 "a acerosa 3 3 3'
Pseudo tero 0 a americana 1 l'
Amphimedon compressa 1 2
A I sina stularis 2'
Chondrilla nucula 1 2 1
Haliclona viridis 3
Ircinia cam ana 4 3 3
Ircinia e/ix? 1 1 1
Ni hates erecta 6 17 12
S irastrella coccinea ++ ++ ++
Ulosa ruetzleri 2 8 3
Unidentified Clionidae 2 2
ABUNDANCE: ? ? ?
RICHNESS: 7 8 9
porJiibuAititxWit
Unidentified Sabellidae
+
+
+ +
+
+
+ +
Laurencia iruricata
+
+
+
Oscillatoria s " 1 +
Oscillatoria sp. 2 +
Valonia s . 2
+
+
+
+
+
+
+
• all or partly .algae-covered (l colony of Porites asreoides andPseudoptetogorguJ 7lcerosa partry covered).
b 1 dea4/overgrown, the other partly algae-covered (of the 2
recorded In SUIVty 1).
C small recruits.
53272.OIj04(fABLES.SCH/lSJj3jOI2291
2-6~._-------------
TABLE2-6: Summary of epifaunal and epitloral abundance and
richness at Quadrat 6 by sampling period.
Acropora cervicornis l'
Madracis decactis 1 1
Porites astreoides 5 4 5
Siderastrea siderea 2 2 1
ABUNDANCE: 8 7 7
RICHNESS: 3 3 3
E thro odium caribaeorum 2 4
Eunicea as erula 3 3 3 Callithamnion? s . + +
Eunicea kni hti 1 1 1 Die ota bart sii + +
Eunicea mammosa group 4 8 4 Laurencia'l s +
Eunicea s . 1 1 1
Muricea muricala 1 1 1
, Small recruit.
P/exaura exuosa 1 1 1
Pseudo tero a '0 acerosa 1 1 1
Pseudo tero 0 "0 americana 1 1 1
Ptero a '0 citrina 1 1 2
ABUNDANCE: 14 20 19
RICHNESS: 9 10 10
Am himedon com Tessa 6 19
A 8 10 5
Chondri//a nueu/a? 1 1 1
Haliclona viridis 5
Iotrochota birotu/ata 1 1
lrcinia elix 2 2 2
Ni hates erecta 7 3
S irastrella eoecinea ++ ++ few
1 1 1
Ulosa ruetz/eri 5 7 8
ABUNDANCE: ? ? ?
RICHNESS: 7 9 9
53272.01j04/TABLE6.SCHjJSJj3jOI2291
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TABLE 2-7: Summary of epifaunal and epifloral abundance and
richness at Quadrat 7 by sampling period.
Briareum asbestinum 4 4 3 Am hiroa a iiissima + + +
E thro odium caribaeorum 11 13 23 Callithamnion s + + +
Eunicea sea 9 14 17 Ceramium s . 1 + +
Eunicea clavi era 3 3 2 +
1 1 l' +
2 3 2 + + +
1 1 1 +
Pseudo tero 0 '0 americana 1 1 +
Unidentified a1 onarian 1 H neo cervicornis +
33 Jania ca illacea +
9 Laurencia? sp. +
L n bas .1 + +
.2 +
Oscillatoria s .1 + +
Oscillatoria s .2 + +
Callyspongia fallax Udotea s inulosa +
Call s on "0 va inalis 3 3 3
Clathriidae 2 small recruits.
1 1 b includes two very small colonies.
Homaxinella rudis 1
lotrochota birotulata 1 1 1
lrcinia elix 2 3
lrcinia strobilina 3 2 1
Ni hates di 'talis 3 3 5
Ni hates erecta 11 11 14
Pseudaxinella lunaechana 2 1 3
Rha hido hlus iuni erinus 2 5 2
S hecios on 'Q yes aria? 1
S irastrella coccinea 9 5 10
Ulosa ruetzleri 1 5 7
Xestos on 'Q mula 1 1 1
Black encrustin 3 4
ABUNDANCE: 51 50 74
RICHNESS: 15 16 20 S3272.01/04(fABLE7.SCH/JSJ/3/012291
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Dichacaenia stokesii 1
Eusmilia asti 'ata'! l'
Montastrea cavemosa I' 2
Siderastrea siderea 4' 3 11
Solenastrea boumoni 3' 1 1
Ste hanocoenia michelin; 1
ABUNDANCE: 8 4 17
RICHNESS: 3 2 6
Pomatoste s stellatus? 1
10Sabellastarte ma i ca
2 1S irobranchus . anteus
Unidentified Sabellidae +102
2
2
9
TABLE 2·8: Summary of epifaunal and epifloral abundance and
richness at Quadrat 8 by sampling period.
Dichacaenia stokesii 5 5 4
l'Montastrea annularis? l' l'
Montastrea cavemosa" 11 2
Stephanocoenia michelini 1 1 1
ABUNDANCE:
RICHNESS:
7
4
Briareum asbestinum
8
4
9
4
l' 3
E thro odium caribaeorum 2530 20
Eunicea clavi era 1 1 1
Eunicea sea? 12 13 11
Eunicea mammosa ou 1
Plexaura exuosa
Plexaurella s .
Pseudo tero 0 a americana
ressa
Call' Oil ·a
Clathriidae
Clionidae
Clionidae
Homaxinella rudis
2
2
1
1
1
1
1
15
2
2
2
1
3'
10
2
2
3
1
5
5
3
Iotrochota birotulata l' l'
3Ircinia strobilina
Ni hates di 'talis
Ni hates erecta
2
3
30
3
3
21
3'
23
2Pseudaxinella lunaecharta 2 2
Rha hido Mus iuni erinus 1
S irastrella coccinea 3 7 16
Timea? s . 1 2
Uloso ruetzleri
Xestos on 'Q mula
32
1
21 15
GTe encrustin 1
Yellow encrustin 1 1
ABUNDANCE:
RICHNESS:
85
15
85
17
71
14
Green filamentous
Callithamnion'l s + +
Ceramium s . 1 +
Ceramium s . 3 +
Dictvota bart resii + +
Halimeda 0 untia f. minor +
Halimeda s . + +
H olossummvowens +
Iania ca i/lacea +
LIl as.1 +
Oscillatoria sp. 1 +
Oscillatoria sp, 2 +
+Udotea s inulosa
Dark red filamentous +
Pale red filamentous +
Dark een mat +
+
• small recruits.
b a single retreating head divided into several1iving sections; the
second colony indicated in phase II is a small recruit that was not
found again In phase III.
torn out, probably by a dragging cable.
d one specimen lorn.
53272.01/04/TABLE8.SCH/JSJ/3/012291
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TABLE 2-9: Summary of epifaunal and epifloral abundance and
richness at Quadrat 10 by sampling period.
A aricia s . uv 2 1
Dichocoenia stokesii 4 3 3
Di loria stri Gsa 1 2' 1
Montastrea cavemosa 10 8 10
Siderastrea siderea 7 l' 2
Solenastrea boumoni 3 1 2
Ste hanocoenia michelin; 2 3 3
ABUNDANCE: 29 24 21
RICHNESS: 7 6 7
Briareum asbestinum 3 4 7
Erythropodium caribaeorum 18' 17' 17'
Eunicea clavi era toume orti 4 4 4'
Eunicea fusca 1 1
Eunicea /aciniata 1 1 1
Eunicea s 1 l' l'
Muricea s 1 l' l'
1 1 l'
1 l'
2 2'
ABUNDANCE: 32 33 33
RICHNESS: 9 10 8
1 1 3
1 1
3 3
1
108 107
21 18
1
2 5
3 + +
2 4
Ir::!iiil
23 15
+ +
+
+ +
+ +
+ +
+
+
+
+
+ +
+
+ +
+ +
+ +
ABUNDANCE:
RICHNESS:
Clathriidae 1
Clionidae oran e 2 3 2
Homaxinel/a rudis 1 l'
Iotrochota birotulata 5 4 3
Ircinia elix 3 4 3
lrcinia strobilina 2 4 1
Ni hates di 'talis 1 2 2
Ni hates erecta 23 31 24
Pseudaxinetla lunaeehana 1 1 1
S irastrella coccinea 16 16 25
Ulosa ruetzleri 27 17 17
Xestos on "0 mula 2 2 2
Black encrustin
e
Unidentified Ser ulidae
Sabel/astarte ma ti ca 2
Unidentified Sabellidae 2
B 0 sis lumosa
?
Cal/ithamnion s
Ceramium s . 3
Clado hora s
Die ota bart resii +
Galaxaura obtusata
Herposiphonia sp.
Jania ca i/lacea
Laurencia obtusa
.1
.2
Oscil/atoria s . 1
Oscil/atoria s . 2
Ulothrix s .
a includes 1 possible pioneer recruit.
b includes 2 possible pioneer recruits.
C numerous meandering and interconnected encrustations.
d some or all partly or almost completely covered with algae.
2-10
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TABLE 2-10: Summary of epifaunal and epifloral abundance and
richness at Quadrat 11 by sampling period.
Dichacoenia stokesii (juv)
Montastrea CGvemosa
Siderastrea siderea
Solenastrea boumoni
ABUNDANCE:
RICHNESS:
Briareum asbestinum
E thro odium caribaeorum
Eunicea cal culata'l"
Eunicea clavi era?
Eunicea
Pseudo lexaura s .
16
1
3
1
Clionidae
Clionidae (orange)
Homaxinella rudis
Iotrochota birotulata 2
Ircinia elix 1
Ni hates di italis 1
Ni hates erecta 23
Pseudaxinella lunaecharta
Rha hido hlus ·ulli erinus 1
S irastrella coccinea 1
Ulosa ruetzleri 10
Xestos on a mula 3
Black encrustin
ABUNDANCE: 63
RICHNESS: 12
16
I"
1
1
1
1
1
2
1
1
21
1
2
6
3
1
60
16
2-11
~:
\m
2 2 2
1 2
1 1
1 1
5 6
4 4
14 18 35
29 29 14
? 2 1
3 4 S-
10 10 13
3 3 3
1 1 1
10 11 14
1 1 I"
1
80
10
4'
3
1
1
17
1
1
2
3
55
13
........ ' :.:-:.:,.;.,.:-:'..... . -.- :-'.:.:.:.:;::.:-:.,.- .
rtIil!Ob)(CftAF;1'W)/
6Sabellastarte rna ii ea
Unidentified Sabellidae 24
+Am hiroa a ilissima + +
Callithamnion? s . + +
Caule a roli era +
Cauie a vickersiae +
Ceramium s . 2 +
CZado hora s . +
Die ota bart resii + + +
+Galaxaura obtllsata
Gelidium s . +
Herposiphonia sp, +
H 0 lossum involvens +
Jania ea ilIacea +
Laurencia obtusa + +
.1 + +
.2 +
+ +Oseillatoria s . 1
++Oscil/atoria s . 2
probably outside quadrat tape during Phase 1.
" .partly algae-eovered.
C small recruits.
53272.01/04jTABLE11.SCH/1SJ/3/012291
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Table 3-1: Taxonomic identifications and enumeration of ogranisms at core stations by sampling
period..
Table 3-2: Abundance of major taxonomic groups of macrofauna by station and sampling period..
Table 3-3: Summary of dominant macrofauna at station BA by sampling period..
Table 3-4: Summary of dominant macrofauna at station DC by sampling period..
Table 3-5: Summary of dominant macrofauna at station DB by sampling period.
Table 3-6: Summary of dominant macrofauna at station JUL by sampling period..
Table 3-7 Shannon-Weaver Diversity Indices and Evenness.
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I..··SAMPLING·PERlOD:··....SAMPLIN6ipERlbO;}:.SxM~ill.jQP~il.Ioo;·····
I (l •••··.liHiil0hir' Iii IH' ·«. IILti ·'.(ii Iii; III
. SAMPLI:~~i~IOD: ...[.... '..
I I II 1 III ···TOTAL
I Phylum Porifera
Phylum Cnidaria
Subphylum Medusozoa
Class Hvdrozoa
1
109
1
7
10
'.': . I .
8 I I til 10 I
21
38
12 1
II I I II I I II 1 I I II
7
Unidentified hvdroids'
Class Scyphozoa
1 1 16
Scvnhistoma polyps?'
Subnhvlum Anthozoa
Class Zoantharia
Order Scleractinia
38
?Siderastrea so. 1
Sphenotrochus n.sn,"
Order Actiniaria
8 57 3 1 198
Familv ?Edwardsiidae 12 1 13
Unidentified actiniarians
Phylum Platvhelminthes
Class Turbellaria
1 1 1 1 1 5
Order ?Kalvntorhvnchia 11 11
Order ?Polvcladida 1 1
Order ?Proseriata 1 6 44 51
Unidentified turbellarian
Phylum Nemertea
5 7 14 45 6 6 90
3-2
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Class Anonla
Order Archinemertea
Familv Cepbalothricidae
Cephalothrix so, 45 27 2 74
Procephalothrix Tspiralis 19 19
?Procephalothrix sn. 3 18 1 1 23
Unidentified cephalothricid 1 19 5 6 8 I 40
Order Paleonemertea
Familv Carinomidae
Carinomella Iactea'l 1 3 4
Familv Hubrechtidae
Hubrechtella sn, 1 3 16 3 23
Family Tubulanidae
Tubulanus oellucidus 2 9 7 18
Paleonernertean so. 2 1 3 11 15
Paleonemertean sn. 3 6 I 7
Paleonemerlean so. 4 21 5 26
Paleonemertean so, 5 2 3 1 6
Paleonemertean sn, 6
1 3 4
Unidentified naleonemertean 19 1 5 1 1 2 1 30
Order Heteronemertea
Familv Cerebratulidae
TCerebratulus Ieucoois 1 1
53272.01 /04{r ABLE/ 15.1/4/012191
I,
3-3 - - -- ... -
Familv Baseodiscidae
1
53272.ol/04(rAnLE/lSJ/4'O\219\
2
1 1
4
1
3
?Baseodiscus so.
Familv Micruridae
1 5
Micrura so. 1 1 2 1 7
Heteronemertean sn. 2 (iuv) 1 1
Heteronemertean so. 3 1 2 3
Unidentified heteronemertean
Class Enopla
Order Honlonemertea
Familv Tetrastemmatidae
2 2 7 11
Tletrastemma candida 4 4
Hoplonernertean su, 1 1 1
Honlonernertean so. 2 1 2
Hoolonemertean sn. 3 1 1
Honlonemcrtean SP. 5 1 1
I~P~hY~lum~N;,;;;e;;;;;ma~tod~a======lI?1 ~138=1 793 I 2,261 II I 1% I 694 II 49 I 15 I 18 II 83 I 340 I 62 II 4,649 I
I~PhVlum F:;~~i~Pv:'::~~::ruda",----e r I I I I I I I I I I I '§
Unidentified hoolonemertean
Unidentified nemertean 4 3 1 3 11 22
3
3-4
4 3 2 2 18
Class Polvchaeta
1
2 3
4
10
15
1
1 2 3
1
1 1
1 20 22
1 1 7
5 2 18 32
1 1
1 2
1 1
1 1
1 1 2 5
5
1 5
2 47
4 6
132
83
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Order Orbiniida
Family Orbiniidae
Orbinia riseri
Scoloolos caoensis
Scoloplos rubra
Family Paraonidae
Arieidea cf. catherinae
Aricidea cerrutii
Aricidea Iragilis
Aricidea ohilbinae
Aricidea tavlori
Aricidea sn, A
Aricidea so. C
Arieidea sn,
Cirrophorus branchiatus
Cirrophorus lyra
Cirrophorus snn,
Levinsenia eracilis
Paraonis tuleens
Paraonis ovzoeniematica
Familv Questidae
4
3
3
4
1
2
50
15 86
1
2 4
3-5
1
1
22 3
2
28
19
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Ouesta caudicirra 30 30
Ouesta sp, (iuv) 3 1 4
Order Ctenodrilida
Family Ctenodrilidae
Raphidrilus nemasoma 5 4 3 12
Order Soionida
Family Spionidae
Aonides mavaguezensis 1 5 6
Aonides oaucibranchiata 1 1 1 3
Apoprionospio davi 1 1 3 2 3 1 11
Disoio uncinata 62 62
Malaeoceros vanderhorsti 1 1
Malaeoceros sn. A 1 1
Minusoio so. A 1 1
Paraorionosoio oinnata 8 8
Poivdora SP. (iuv) 1 1
Prionospio eristata 63 21 113 21 80 73 39 33 443
Prionospio multibranchiata 7 7
Prionosnio nerkinsi 2 2
Prionosoio steenstrupi 1 1
Prionosmo so. 1 1 2
Pseudopolvdora sn, A 6 6 100 3 1 116
Scoleleois sauamata 1 1 2
3-6
16
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Unidentified soionid 1
Spio pettiboneae 1 1 17 63 2 4 1 1 3 2 95
2
Maeelona so. C
Farnilv Poecilochaetidae
Poecilochaetus iohnsoni
Family Cirratulidae
Caulleriella ef. a/ata
Caulleriella sn. A
Caulleriella so. C
Caulleriella so. D
Caulleriella so.
Chaetozone sn, B
Cirrifonnia so. A
Cirriiormia sp.
Macrochaeta sn, A
Tharvx dorsobranchialis
Tharvx so,
Unidentified cirratulid
Order Canitellida
Family Caoitellidae
Capitella capitata
2
3
11
23
2
1
4 2 5 7
1 1 1 1
1
2
2 4
1
45 45
1 1 9 1
3 1 2
Family Mazelonidae
5
3
3
1
2
1
1
1
1
5
6
1
32
24
1
22
1
4
1
2
11
1
90
19
2
7
1
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Dasvbranchus lunulatus 1 2 3 6
?Decamastus so.
1
14
1
6
3
1
3
1
3
1
Leiocapitella sp, A 2
Mastobranchus so. A
2
Mastobranchus so, B
3 12
3
Mastobranchus SOD. 4 1
Notomastus daueri 1 8
5
Notomastus hemitiodus 2
9
2
Notomastus latericeus 1 2
Notomastus tenuis 1 1 1
3
6
Notomastus sPP. 16 4 2 22
Scvohooroctus platvproctus
Scvohooroctus sn, 2
4 4
Unidentified canitellid
Familv Maldanidae
1
3
3
Axiothella mucosa 3
Axiothella SP. A 43 5
1 4
62
Axiothella so.
Bosuea enigmatica 1 2 5
1 1
8
Euclvmene sp.
Order Ooheliida
Familv Onheliidae
1 1 2
Armandia agilis
3-8
8 8
53272.01 /l!4 rrAIlLE/ JSJ /4/012191
121
Armandia so. A
85
6
4
1
1
6
Polvophthalmus so. A
Familv Scalibrezmidae
2 2
Sclerobreema stenocerum 2 1 2 9
Unidentified scalibrezrnid
Order Phvllodoeida
Familv Phvllodocidae
1 1
Anaitides groenlandica 1 1
Anaitides so. (iuv) 1 1
Genetvllis castanea 1 1
Genetvllis so. A 2 2
Hesionura eloneata 2 126 8 2 3 2 228
Phvllodoce arenae
Farnilv Chrvsopetalidac
1 1 2
Bhawania eoodei
Familv Glvceridae
3 4 8
Glvcera abranchiata 2 1 7 7 4 4 25
Glvcera americana 2 1 3
Glvcera so. A 13 10 12 1 2 8 47
Glveera so. B 1 1
Glveera so. C 1 1
Glvcera sn. (iuv) 1
3-9
2 2 5
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Familv Goniadidae
Gtvcinde solitaria 3 3
Goniada maculata 5 3 1 9
Goniada teres 5 5
Goniadella sp, A 6 6
Goniadides carolinae 1 1 2
Family Hesionidae
Hesione so, 1 1
Heteropodarke lvonsi 1 3 15 1
,
20
Heterooodarke [ormalis 7 17 1 25
Kefersteinia sn, A 2 2
Microphthalmus so. 3 10 13
Podarke obscura 1 1 1 1 4
Podarkeopsis levifuscina 1 1 1 1 1 1 1 2 2 11
Unidentified hesionid 1 1
Familv Nephtvidae
Inermonephtvs inermis 2 2
Neohtvs simoni 4 4
Family Nereidae
Ceratoceohale oculata 1 4 1 2 4 1 1 14
Ceratonereis mirabi/is 2 11 3 2 30 2 50
Ceratonereis so. A 1 1 2 15 2 21
Ceratonereis so, (jUY) 3 3
3-10
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Neanthes acuminata 1 1
Platvnereis dumerilii
1
1
1
6
1
3
1
1 2
3 1 8 4 11 36
1
3
1
1 2
Unidentified nereid
Familv Pilarziidae
Pilargis so.
Sieambra tentaculata
Svnelmis sn, B
Familv Pisionidae
1
6
3
1
4
69
1Pisione remota
Pisione so. A
Familv Polvnoidae
Polvnoidae zenus A
3
1
Unideotified nolvnoid (iuv)
Familv Sizalionidae
1
Fimbriosthenelais minor 1 1
Sthenelais boa 2 1 10
Sthenelanella so. A 1 1
Thalenessa so. A 8 8
Thalenessa sn, B 1 2 4
Unidentified sizalionid (iuv)
Familv Svllidae
1 1
Autolvtus so. A 1 1
Brania clavata
3-11
1 1 2
53272.01/04(fABLE/JSJ/4/012191
1
1 4
1
3 2 7
2 2 2 3 3
1
7 23 56
70 1
1 3
1 3
1
1
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Brania swedmarki 3 3
Brania so. A
2
7
2
Brania welltleetensis 4 4
Brania so.
Dentatisvllis carolinae
Ehlersia comuta
Ehlersia Ierrueina
Exoeone disoar
Exouone lourei
Exoeone sn,
Haplosvllis sooneicola
Odontosvllis enoola
Paranrionosvllis loneicirrata
Pionosvllis eesae
?Pionosvllis so. (iuv)
Plakosvllis auadrioculata
Sohaerosvllls aciculata
Sphaerosvllis brevidentata
Sohaerosvllis glandukua
Sphaerosvllis oiriieroosis
Sohaerosvllis riseri
Sohuerosvllis SD. A
Sphaerosvllis SDO.
13
1
4
1
8
4
1
36
4
43
6
1
28
27
2
6
37
1
18
3
1
3-12
6
3
1
1 16
2
4
2
3
2
7
10
41
1
12
16
1
88
1
147
11
10
80
6
1
23
18
8
3
7
Stretnosvllis pettiboneae 1 5
1
53272.01/04 rrABLE/ JSJ / 4/012191
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Svllides bansei 7 24 20
6
Sv/lides so.
51
1
TVDOSV/liSamica
Tvposvllis cf. lutea 1
4
TVDOSV/liSso. A 4
1
Tvoosvllis so. G 3
2 6
3
Tvoosvllis so. L 8
TVDOSV/lisSOD. 2
8
Unidentified svllids 2 18 8 2
4 2 8
30
Order Amnhinomida
Familv Amphinomidae
Chloeia viridis 1 1 2
Paramphinome so. B 1 2 6 2 4 18
Order Eunicida
Familv Eunicidae
Lvsidice so. A 3
M arohvsa sn. A 4
4
Nematonereis hebes 1 2
4
3
Unidentified eunicid (iuv)
Familv Arabellidae
1 1 2
Arabella mutans 2 2
Drilonereis lonea
3-13
2 2
53272.01/04 ITAB\...E../]S.J 14/0\1\91,
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1 1Drilonereis sn, 2
Family Dorvilleidae
Dorvillea sociabi/is
9
Eliberidens Iorceos
6 3
8
2 18 4 20
35 78 25 1 2 1 1
1 3
1 4 5
1 1
3
5
15
1 6 10 2 1
1
Pettiboneia duofurca
Protodorvillea kefersteini
Schistomerineos rudolphi
Family Lumbrineridae
Lumbrinerides davi
Lumbrineris tenuis
8
44
143
4
10
3
Lumbrineris verrilli
Lumbrineris sn. A
Family Onunhidae
Kinbereonuohis so. A
Mooreonuphis sn,
Unidentified onuohid
2
5
15
20
1
Order Oweniida
Family Oweniidae
Galathowenia oculata
1 2621 2 1
Order Flabellizerida
1
Familv Flabellizeridae
2 2
Therochaeta so. A
Order Terebellida
3-14
Glossothelenis sn, A
3 1 40
29 21 9 61 8 172
6 6
172 5 33 91 28
329
37 2 20 59
1 1 1 3
2
3
1
3-15
6
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Scione//a so. A
Pista cristata
Pista so.
Polvcirrus carolinensis
Polvclrrus nlumosus
Potvcinus sno.
Unidentified terebellid
Familv Amnharetidae
Amphicteis scanhobranchiata
Samvtha so. A
Unidentified amoharetid
Familv Trichobranchidae
Terebe//ides stroemi
Trichobranchus elacialis
Order Sabellida
Familv Sabellidae
Chone ef. americana
Demonax microohthalmus
Fabriciola tri/obata
Jasmineira so.
Megalomma heterops
1
8
4
1 1
2 2 10
1 1
2 1 3
5 2 11
1 1 4
2 5 1 1 17
1 6
1 1
2 2
1 1 1 3
1 2 3
4 1 5
S3272.0t/04(rABLE./lSl/4/0\2\9\
Megalomma so.
1
2
23
1
2
1
1
1
2
Notaulax nudicollos
4 5
Sabellastane maenifica
1
Unidentified sabellid
Family Serpulidae
8
2
3
1 1
11
4
Vermiliopsis so.
Unidentified polychaete
Iarchiannelid] 2
1 1
Unidentified nolvchaete
Class Olizochaeta
Family Tubificidae
Bathvdrilus adriaticus
Bafflvdrims?macronronams
Heterodrilus bulbitiorus
Heterodrilus naucifascis
Heterodrilus oentcheiti
Heterodrilus n. so. CBC
Heterodrilus sn,
Inanidrilus cf. leukodermatus
Inanidrilus /Olavius sno.
Limnodriloides appendiculatus
Limnodriloides sn.
1
1
3
77
1
25
3
1
231
1
45
3-16
5
7
4
1
1
5
3
1 310
2
1 77
1
2 3
1 1
2 1 1 33
27 27
1
3
3
14
-~-~
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1
.
1
Olavius caudatus
7
1
1
1
1
6
1
Olavius longissimus 1
Olavius tenuissimus 2
Olavius sp, A 1
Olavius sn, T 7
Phallodrilus acochlearis 5 8 13
Phallodrilus sabulosus
2
2 2
Smithsonidrilus sn, 1
Tectidrilus saualidus 18 18
Tectidrilus vem/cosus 117 117
Unidentified tubificids
Family Enchvtraeidae
26 WI 3 8 3 8 13 264
Grania so. A 14 14
Grania so,
Unidentified olizochacte
307 W
1
333
76
Phylum Phoronida II II I I II I1~==~P"'h"'o':Oro"'n"'is"--arc-h-i-te-ct-a----- --- --- -----1--- --- -----I 1 --- 10 1
Phylum Sinuncula
1
1
Class Sipunculidea
Order Siounculiformes
Family Sinunculidae
Siphonosoma ef.·cumanense
Siounculus nudus
3-17
1
1
Sipunculus so. (iuv)
2
1
1
1
1
S3272.0\/04{rABLE/JSJ/4/0\2\9\
2
1
2
Order Golfinziiformes
Familv Golfinziidae
1
1
Unidentified zolfinziid (iuv)
Familv Phascolionidae
2
Phascolion so. A
Class Phascolosomatidea
Order Phascolosomatiformes
Family Phascolosomatidae
1
?Phascolosoma so. (juv)
Aoionsoma misakiana
Order Asnidosiohoniformes
Familv Asnidosinhonidae
3
1
4
Aspidosiphon albus 1
Aspidosiphon d. parvulus
1
Aspidosiphon so. A
1 1
Aspidositihon so. B
1 3
Aspidosiohon so. C
1 2
Aspidosiphon
(Paraspidosiphom SP. 1
2 2
1
Centrosiphon SP. 1
Unidentified sinunculan
Phylum Mollusca
2 1
3-18
6 5 1
1
18
,
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Class Polvnlaconhora
Familv Ischnochitonidae
Lepidozona SD. 3 3
Class Scanhonoda
Familv Dentaliidae
Dentalium calamus 3 3
Dentalium laaueatum 1 1
Dentalium so, 1 1
Familv Sinhonodentaliidae
Cadulus tetrodon 1 1 2
Unidentified scaohoood 1 1
Class G astronoda
Subclass Prosobranchia
Order Archaeozastroooda
Sunerfamilv Fissurellacea
Familv Fissurellidae
FissureIIa sn, 1 1
Sunerfamilv Trochacea
Familv Cvclostrematidae
Arene tricarina 1 1
Familv Phasianellidae
Tricolia aitinis 1 1
Order Mesozastronoda
..... . ". '.' .. " """".'
...... .. , .
•
•••••••. ". . .. . .
. - . , .
Sunerfamilv Cerithiacea
1
2
1
53272.01/04(tABLB/lSl/4/01219\
..
3
1
Familv Cerithiidae
Cerithium SD. 1 1
Finella dubia
Farnilv Caecidae
1 1
Caecum imbricatum 1
Caecum pulchellum 1
Meioceras nitidum
Suoerfamilv Rissoacea
Familv Rissoidae
1
Amohithalamus vallei
Sunerfamilv Eulimacea
Familv Ac1ididae
2
Ac/is SD. 3
2Bermudaclis sn,
Familv Melanellidae
2
Potvzvreulima SD.
Sunerfamilv Crenidulacea
Familv Creoidulidae
1 1
Ca/vntraea centra/is
Order Neozastronoda
Sunerfamilv Volutacea
Familv Olividae
-
3-20
2 2
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Familv Marginellidae
2
1
1
2
Granulina ovuliformis 1
Mareinella amcina 1 1
Mareinella ebumeola 1
Mareinelta hanlevana
Mareinella lavalleeana
Suoerfamilv Conacea
3 3
Familv Turridae
1 1
Kurtziella atrostvla
1 1
TCrvoturris so.
Vitricvthara metria
Subclass Onisthobranchia
Order Cenhalasnidea
1 1
Familv Acteocinidae 7
Acteocina candei
Acteocina inconspicua 4
3 4
4
Familv Haminoeidae
7 1 3 1 16
Atvs riiseana
?Haminoea so.
1
4
1
Familv Retusidae 2
Retusa su/cata
Volvulella nersimilis
3-21
2
2 2
53272.01/04 rrABLE/ lSl/'/012191
'" : •... ....•...........•. ...,.•....• SITi; •.· :'i ••••••
.......... . . . . •. ......•. . ...
...•... ( ·.....··Y JUL/ """ I/D·.· ...OR. .i .....y. ..':"':. ·.t RA DC :
········SAMPLINGPERIOD: SAMPLING PERIOm> SAMPLING PERIOD: SAMPLING PERIOD: :.
:
..
. rIlL It .., rn : I ..I: II. Ii ..
I •• •··••·· "rf Yf IIi·' ':~dTAL. TAXON:·:' I fl> . IlL·: 'III
Farnilv Volvatellidae
Cvlindrobulla beauii 1 1 2
Unidentified onisthobranchs 2 2
Class Bivalvia
Subclass Crvntodonta
Order Solemvoida
Suncrfarnilv Solernvacea
Familv Solemvacidae
So/em va occidentalis 4 4
Subclass Pteriomoroha
Order Arcoida
Superfarnilv Arcacea
Family Arcidae
Barbatia domineensis 1 1 2
Order Mvtiloida
Sunerfamilv Mvtilacea
Familv Mvtilidae
Unidentified mvtilid 1 1 2
Order Pterioida
Sunerfamilv Limacea
Family Limidae
Limatula henderson; 8 2 2 12
Subclass Heterodonta
3-22
1 1 2 2 1 1 1 9
1 1 2
1 1 2 4
2 2
1 1
1 1
27 1 78 9 6 121
2 2
1 1 1 3
Sunerfamilv Veneracea
Familv Veneridae
Chione cancel/ala
Chione SD. A
Gouldia cerina
Gouldia sn,
Pitar simpsoni
Pitar SD. (iuv.)
Tivela Iloridana
?Tivela sn, (iuv.)
Transenne//a cubaiana
Sunerfamilv Lucinacea
Familv Lucinidae
53272.01 /04 (fAD LE/ rsr /4/012191
Parvi/ucina multilineata 9 6 15
Lucinidae so.
Familv Unzulidae
1 21
Diolodonta so. 6
Sunerfamilv Chamacea
6
Familv Chamidae
Chama sn, 2
Sunerfamilv Carditacea
2
Family Carditidae
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Cvclocardia so. 12 12
Pteromeris oerolana 1 3 4 1 1 10
Pteuromeris tridentata 5 35 19 2 6 3 1 1 72
Family Condvlocardiidae
Carditopsis smithi 1 1 3 5
Suoerfamilv Crassatellacea
Farnilv Crassatellidae
Crassinella duoliniana 2 6 8
Crassineila sn, 1 1 2
Superfamily Cardiacea
Familv Cardiidae
Americardia media 1 1
Superfamilv Mactracea
Familv Mesodesmatidae
Ervilia concentrica 3 2 1 1 1 1 9
Ervi/ia so, (iuv) 1 1 2
Suoerfamilv Solenacea
Familv Solenidae
?Solen so. 1 1
Superfamily Tellinacea
Familv Tel1inidae
Tellina consobrina 2 2
Tellina souldi 1 3 3 7
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Tel/ina Tprobina (iuv)
2
1
2
1 5
2
Tel/ina promera
6
Tellina svbaritica 6
1 1
Tel/ina versicolor
1 7
Tellina SD. (iuv)
Familv Semelidae
2 1
1 3
3
Semele bellastrita
Order Mvoida
Suoerfamilv Mvacea
Familv Corbulidae
1 1
Varicorbula oporculata
Subclass Anornalodesmata
Order Pholadomvoida
Superfamilv Paodoracea
Familv Thraciidae
2 2
Bushia SD.
Superfamilv Poromvacea
Familv Verticordiidae
1 1
Venicordia ornata
Unidentified bivalve
Phvlum Brvozoa
Class Gvmnolaernata
3-25
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Order Cheilostomata
Suborder Anasca
Cuouladria sn.
U 62 10 75 158
Unidentified zvmnolaemate fraz." 2 1 1 7
33 1 2 47
Phvlum Arthropoda
Subphvlum Chelicerata
Class Pvcnozonida
Unidentified nvcnozonid
1 1 2 4
Class Arachnida
Order Acarina
Familv Halacaridae 3 U 39 9
62
Subphvlurn Crustacea
Class Cooeooda'
Order Calanoida' 5 3 1
2 1 2 1 15
Order Cvc1onoida'
1 1 2
Order Harnacticoida' 22 552 8932' 5
146 U 14 7 9 2 3 9703
Class Ostracoda
Subclass Mvodocooa
Order Mvodoconida
Familv rvlindroleberididae
Actinoseta chelisparsa
1 1 2
Asteropella nunctata
1 1
Prionotoleberis salomani 1
1
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1
Familv Philomedidae
Harbansus naucichelatus 1
1
1 4 4
3
Familv Rutidermatidae
18
Rutiderma darbvi 1
8
14 1 15
Rutiderma mo//itum
Rutiderma sn,
1 1
Familv Sarsiellidae
EUTVDVlusrousei
Subclass Podocooa
Order Podoconida
1 1
Familv Bairdiidae
2 3
Bairdia so,
Unidentified Podocopa
Class Malacostraca
Subclass Hoolocarida
Order Stomatonoda
1
1
1
Familv Lvsiosauillidae
Nannosaui//a schmitti
1 1
Familv Squillidae
Alima hvalina
1 1
Familv Gonodactvlidae
Eurvsauilla olumata
Subclass Eumalacostraca
3-27
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Order Amnhiooda
1
1
3
4
I . .., .• '......~ - ,.
I··· .•... ...••••..••••.••./.. . ....... .. ..... ... ..
............ ~ .... ~
Suoerorder Peracarida
Suborder Caorellidea
Familv Canrellidae
Caprella nentantis 1 1
Unidentified caorellid
Suborder Gammaridea
Familv Amneliscidae
6 11
Amnelisca aeassizi 4 4
Amtielisca bicarinata
Familv Amohilochidae
9 5 15 3 32
Amnhilochus neonolitanus
Familv Aoridae
1
Amphideutopus
dolichocetihalus
4 7
Amohideutoous so. A 1 1
Lembos uniiasciatus reductus 1 1 7 1 10
Lembos sn,
Familv Bateidae
1 1 2
Batea catharinensis
Familv Coronhiidae
1 4 1 1 7
Unidentified coronhiid (fraz.)
Familv Eusiridae
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Familv Phoxoceohalidae
Metharoinia floridana 18 2
32 7 2 8 1
2 1 3 76
Familv Platvischnooidae
Eudevanopus honduranus 2
2
4
Familv Svnooiidae
Tiron biocel/arus
1 1
Tiron triocellatus
1
1
Order Isoooda
Suborder Anthuridea
Family Anthuridae
Amakusanthura maeniiica
2 2
Anallthura cracenta
1
1 2
Ananthuretta sisniiica
2 3
5
Halionhasmas so.
1 1
Mesanthura oulchra
1 1
Mesanthura reticulata
1
1
Mesanthura sn,
1
1
Familv Hvssuridae
Horotoanthura iroex
6
6
Xenanthura brevitelson
1 5
6 12
Suborder Flabellifera
Familv Cirolanidae
Eurvdice convexa
1 1
3-30
53272.01(04 rrABLE( J5J (4(012191
, .. . .. ' '" ....•. .•.. .:' '.' .'. '.. . . , :..'.:"':...... ... ,,:.. , '. ' ..'., . .'
Sd.n. . I 'DC .'.::., .' .'
i SAMPLING PERIOD: .'...I' S~PLlN~ ~EI~~~:•.••:··<ill
l:n·.·1II 1.....I·.·· .... ~I
26
1
2
Unidentified cirolanid (fraz) 1
Family Sohaeromatidae
2
1
Exosohaeroma diminuta 2
Exosohaeroma sn. 1 1
?Paradella so. 1 1
Unidentified sohaeromatid 3 3
Suborder Asellota
Familv J aniridae
Camias sn. 1 1
Familv Microoarasellidae
Microcharon so. 43
Suborder Enicaridea
43
Family Boovridae
Epicaridium earva 1
Order Cumacea
Farnilv Bodotriidae
Cvclasois bacescui 11
1 1Cvclasois so. A
Cvclasms sn, B 1 1 3 5
2Cvclasois so. C
5Cvclaspis so. D 5
Familv Nannastacidae
3-31
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Camovlaspis sn. A 2 2
Cumella so. A 1 1 2
Cumella so, B 1 1 2
Cumella so. C 6 6
Nannastacus so. 2 2
Unidentified cumaceans 2 1 3
Order Tanaidacea
Suborder Tanaidomoroha
Farnilv Paratanaidae
Letnochelia Iorresti 3 3 6
Leotochelia IHareeria) raoax 7 5 6 18
Farnilv Nototaoaidae
Tanaissus so. 25 1 11 37
Suborder Anseudomoroha
Family Anseudidae
Aoseudidae so. B 1 1 2
Anseudidae so. C 1 2 3
Family Cirratodactvlidae
Cirratodactvlus Iloridensis 1 87 2 5 3 9 107
Familv Kallianseudidae
Kalliaoseudes sn, 11 1 2 1 1 16
Order Mvsidacea
Unidentified mvsid 1 1 1 3
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Sunerorder Eucarida
Order Decanoda
Infraorder Penaeidea
Family Penaeidae
Unidentified nenaeid (iuv) 1
1
Family Sicvoniidae
Sicvonia dorsalis 1 1
2
Infraorder Caridea
Familv Alnheidae
Unidentified alnheids
12 1 13
Familv Pasinhaeidae
Letnochela populata
1 1
Family Processidae
Processa SD.
2 2
Unidentified caridean (& larvae) 1 2
1 4
Unidentified natantian f& larvae) 1
1 2 4
Infraorder Thalassinidea
Family Unogebiidae
Uooeebia SD.
2 2
Infraorder Anomura
Familv A1buneidae
Zwova michaelis
1 1
Family Pazuridae
- - • 3-33-M
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Unidentified nazurid (iuv) I I
Infraorder Brachvura
Farnilv Goneplacidae
Trapezioplax tridentata I I
Familv Pinnotheridae
Pinnixa cristata (iuv) 3 3
Pinnixa 'tiloridana 4
4
Pinnixa sn, I I
2
Familv Maiidae
Batrachonotus Iragosus I I
Hemus ctistulipes I
I
Unidentified brachvuran larvae I I
2
Subnhvlurn Uniramia
Class Insecta
Order Dintera
Farnilv Chirnnomidae
Pontomvia sn,
I 1
Phvlum Echinodermata
Class Oohiurnidea {iuveniles} I I 5 2 2 11
Class Echinoidea
Order Clvneasteroida
Familv Scutellidae
Mellita so. (frazment) 1
I
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Unidentified soatanzoid (juveniles)
7
Unidentified echinoid (iuvenile) 1
1 6
1
Class Holothuroidea 1 1 1 1 2 6
Phvlum Chordata
If--'-'Ph""Cvl",-l:m",-sE-'-'~~:~""r~""Cnh,n~O:""::""t:'------- ---r---+--11--!1----
3
--+1--11--1--
2
-1311--1-1 1 1--18
Subnhvlum Cephalochordata
1
1 1 1
Subnhvlum Urochordata
Class Ascidiacea
Unidentified ascidian
1
Branchiostoma caribaeum
3
Subnhvlurn Vertebrata
Class Osteichthves 1 1
I Unknown I 1 16 6 I 10 I I II 33 I
IrT()TA£ NbMh€Rbt6kGANISMSX ·11:4I1sXiiiil I..;J'/ 'i. 54~ i ..14j~i. 84SI...."} .. "503 '11' '·6501'.' 1,040 L.49811;2t;~ijl
a Epizoans attached to small rocks and shell fragments; not free-living in or on sediment.
b Includes only fresh, non-eroded specimens, some of which may not have been alive when collected.
c Copepods have not been included in the diversity indices.
d Total harpacticoids extrapolated from abundances in 5 replicate cores (1115,517,205,261,383).
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Table 3-2.
Abundance of Major Taxonomic Groups of Macrofauna by Station and Sampling Period
TURBELlARIA 6 13
58 0 0 56 1
0 0 6 7 6
NEMERTEA 1 31
91 10 47 41 16
16 31 21 32 30
NEMATODA 138 793 2,261
0 196 694 49 15
18 83 340 62
POLYCHAETA 74 451 606
108 234 397 528 302
278 299 4% 214
OLIGOCHAETA 3 164
941 0 4 37 9
1 0 25 12 21
TOTAL ANNELIDA 77 615 1,547
108 238 434 537 303
278 324 508 235
BIVALVIA 42 57
29 81 17 13 13
20 37 17 10 16
TOTAL MOLLUSCS 48 64 29
81 18 16 30 24
50 30 20 18
BRYOZOA(') 0 0 0
0 0 0 11 0
62 10 0 75
CHELICERATA 3 11
39 0 0 9 1
1 0 0 2 0
HARPACTICOIDA 22 552
8,932(0) 0 5 146 11
14 7 9 2 3
AMPHIPODA 47 6
10 43 13 6 20
25 15 3 47 14
ISOPODA 28 2
47 0 1 1 10
2 1 4 8 8
TANAIDACEA 25
1 12 0 0 12
98 0 6 13 10
12
TOTAL CRUSTACEA 124 572 9,009
43 39 174 156 52
44 52 77 49
TOTAL ABUNDANCE«) 404 2,226 13,045
242 548 1,434 831 479
502 578 1,037 4%
(.) Unattached taxa only.
Extrapolated estimate from 5 out of 18 replicates.
Total Abundance from Table 3-1 lessattached Cnidaria and Bryozoa.
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Fabriciola trilobata
(POLYCHAETA)
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Table 3-3: Summary of Dominant Macroinfauna at Station BA by Sampling Period
87
20.7 Pseudopolydora sp.
(POL YCHAETA)
Prionospio cristata
(POLYCHAETA) 73
14.5
Cirratodactylus floridensis
(TANAIDACEA)
4.6
172 100 20.9
(NEMATODA) 49
10.5
5.9
Prionospio cristata
(POLYCHAETA)
Sphenotrochus n. sp.
(CNIDARIA)
80 16.7 Cupuladria sp.(BRYOZOA) 62 12.4
4.2Axiothella sp. A
(POL YCHAETA)
43 5.2 Chone d. americana(POL YCHAETA)
57 11.9 Mage/ona sp. C(POLYCHAETA) 23
4.0Chane d. americana
(POLYCHAETA)
40 4.8 (NEMATODA)
29 6.1 Chane cf. americana(POLYCHAETA) 21
3.6Iasmineira sp.
(POLYCHAETA)
37 4.4 (HARPACTICOIDA)
15 3.1
Pettiboneia duofurca
(POLYCHAETA) 20
3.6Prionospio cristata
(POLYCHAETA)
21 2.5 Armandia maculata(POL YCHAETA)
14 2.9 (NEMATODA) 18
3.2Galathowenia oculata
(POLYCHAETA)
21 2.5
Cye/ocardia sp.
(BIVALVIA)
13 2.7 Armandia maculata(POLYCHAETA) 18
2.4Notomastus sp,
(POLYCHAETA)
16 1.9
Poecilochaeta [ohnsoni
(POL YCHAETA)
12 2.5 Hubrechtella sp.(NEMERTEA) 16
2.0Heteropodarke lyonsi
(POL YCHAETA)
15 1.8 Ceratonereis mirabilis(POL YCHAETA)
11 2.3
Unidentified a1pheids
(DECAPODA)
12
(Multiple coequal taxa) 1.8(Multiple coequaltaxa)
11 2.3
3-37
Phoronis ?architecta
(PHORONIDA)
10
Tharyx dorsobranchialis
(POL YCHAETA)
9
......... -- -
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Table 3-4: Summary of Dominant Macroinfauna at Station DC by Sampling Period
I .. G ~-I .... ..•..~ '" .
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I· ..: ..•... 'I lXa . I...·"·· .-.": I ;al~· ..
10 1.7
8
(NEMATODA) 83 14.4
(NEMATODA) 62 12.5Synelmis sp. B
(POLYCHAETA)
36 6.2
33Fabriciola trilobata
(POL YCHAETA)
33 5.7
28Haplosyllis spongicola
(POLYCHAETA)
23 4.0
18lasmineira sp.
(POL YCHAETA)
20 3.5
13Rutidertna mollitum
(OSTRACODA)
14 2.4
13Grania sp. A
(OLIGOCHAETA)
14 2.4
Unidentified nemerteans 11 2.2Sphenotrochus n. sp.
(CNIDARIA)
12 2.1
8Cupuladria sp.
(BRYOZOA)
(Multiple coequal taxa)
(NEMATODA) 340
Cupuladria sp.
(BRYOZOA)
Fabriciola trilobata
(POLYCHAETA)
91
32.8
8.8
5.9
5.4
3.8
3.7
2.9
2.6
1.9
1.5
7 - .
...... .......... .. .. . ..... . .. . . Relative
... . ....• _.... ... .. I .. Abundance
.. Taxa . ... ... (iil%) •.
75 15.1
Chane cf. americana
(POLYCHAETA)
61
Prionospio cristata
(POLYCHAETA)
6.7
H aplosyllis spongicola
(POL YCHAETA)
56
Fabriciola trilobata
(POLYCHAETA)
5.6
Prionospio cristata
(POLYCHAETA)
39 Aricidea fragilis(POL YCHAETA)
3.6
Annandia maculata
(POLYCHAETA)
38
Phoronis cf. architecta
(PHORONIDA)
2.6
Ceratonereis mirabilis
(POL YCHAETA)
30
Unidentified tubificids (juvs)
(OLIGOCHAETA)
2.6
Limnodriloides appendiculatus
(OLIGOCHAETA)
27
Chone cf. americana
(POL YCHAETA)
1.6Aricidea cf. catherinae
(POLYCHAETA)
20
Armandia macl/lata
(POLYCHAETA)
1.6Sphaerosyllis piriferopsis
(POL YCHAETA)
16
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Table 3-5: Summary of Dominant Macroinfauna at Station DB by Sampling Period
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Dispio uncinata 62 25.6 Paraonis [ulgens 86 15.7 (HARPACTICOIDA) 146 10.2(POLYCHAETA) (POLYCHAETA)
Metharpinia floridana 32 13.2 Spio pettiboneae 63 11.5 Prionospio cristata 113 7.9(AMPHIPODA) (POLYCHAETA) (POLYCHAETA)
Spio pettiboneae
17 7.0 Scolelepis texana 24 4.4 Paraprionosyllis longicirrata 70 4.9(POLYCHAETA) (POLYCHAETA) (POLYCHAETA)
Paraonis [ulgens 15 6.2 Paleonemertean sp. 4 21 3.8 Unidentified turbellarian 45 3.1(POLYCHAETA) (NEMERTEA)
Scolelepis texana 12 5.0 Prionospio cristala 21 3.8 Questa caudicirra 30 2.1(POLYCHAETA) (POLYCHAETA) (POLYCHAETA)
Haustorius n. sp. 10 4.1 ?Procephalothrix sp. 18 3.3 Paraonis [ulgens 28 2.0(AMPHIPODA) (NEMERTEA) (POLYCHAETA)
Unidentified cephalothricid 5 2.1 Cirrophorus sp. 15 2.7 Cephalothrix sp. 27 1.9(NEMERTEA) (POLYCHAETA) (NEMERTEA)
Unidentified nemertean 3 1.2 Tivela floridana 9 1.6 Protodorvillea kefersteini 25 1.7(BIVALVlA) (POLYCHAETA)
Plellromeris tridentata 2 0.8 Armandia agilis 8 1.5 Cirrophorus sp, 22 1.5(BIVALVlA) (POLYCHAETA) (POLYCHAETA)
(Multiple coequal taxa) ----- ----- Metharpillia floridalla 7 1.3 (Multiple coequal taxa) ----- -----(AMPHlPODA)
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Table 3-6: Summary of Dominant Macroinfauna at Station JUL by Sampling Period
i
. . "" .. :' I"" , SAMPLING PERIOD IIISAMPLING PERIOD I SAMPLING PERIOD 11\",,,, . i'· ,i . ..
"
, :, ....... ,
'" .,'RelativeRelative Relative
I Abundance Abundance Abundance
.". Taxa Abundance (In%) .Taxa
.
Abundance (in %) Taxa Abmidance (in '/0)
(NEMATODA) 138 34.2 (NEMATODA) 793 35.6 (HARPACfICOIDA) 8,932 68.5
Tivela floridana 27 6.7 (HARPAcrICOIDA) 552 24.8 (NEMATODA) 2,261 17.3
(BIVALVIA)
Eurydice personata 26 6.4 Sphenotrochus n. sp. 109 4.9
Grania sp. A 307 2.4
(ISOPODA) (CNlDARIA) (OLIGOCHAETA)
Tanaissus sp. 25 6.2 Hesionura elongata 85 3.8
Heterodrilus bulbiporus 231 1.8
(TANAIDACEA) (POLYCHAETA) (OLIGOCHAETA)
(HARPACfICOIDA) 22 5.4 Heterodrilus bulbiporus 77 3.5
Unidentified tubilicids (juvs) 201 1.5
(OLIGOCHAETA) (OLIGOCHAETA)
Haustorius n. sp. 19 4.7 Paraonis pygoenigmatica 50 2.2
Hesionura elongata 126 1.0
(AMPHIPODA) (POLYCHAETA) (POLYCHAETA)
Metharpinia floridana 18 4.5 Macrochaeta sp. A 45 2.0
Tectidrilus venucoslls 117 0.9
(AMPHIPODA) (POLYCHAETA) (OLIGOCHAETA)
Armandia maculata 14 3.5 Plakosyllis quadrioculata 43 1.9
Protodorvillea kefersteini 78 0.6
(POLYCHAETA) (POLYCHAETA) (POLYCHAETA)
Paraprionosyllis Iongicirrata 13 3.2 Paraprionosyllis longicirrata 36 1.6
Prionospio cristata 63 0.5
(POLYCHAETA) (POLYCHAETA) (POL YCHAETA)
Unidentified turbellarian 5 1.2 Protodorvillea kefersteini 35 1.6
Cephalothrix sp. 45 0.3
(POLYCHAETA) (NEMERTEA)
Pleuromeris tridenlata 5 1.2 Pleuromeris tridentata 35 1.6
Macrochaeta sp. A 45 0.3
(BIVALVIA) (BIVALVIA) (POLYCHAETA)
Acanthohaustorius pansus 5 1.2 (Multiple coequal taxa) ----- -----
Heterodrilus pentcheffi 45 0.3
(AMPHIPODA) (OLIGO CHAETA)
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Table 3-7. Shannon-Weaver Diversity Indices (H I) and Evenness (JI) calculated for sampling periods I - III
core samples. Calculations omit several groups of organisms as follows: (1) organisms attached to rock and
shell fragments and not free-living in or on sediment (hydro ids, scyphistomas, arborescent and encrusting
bryozoans); (2) organisms normally treated as meiofauna (nematodes and harpacticoid copepods) and plankton
(calanoid and cyclopoid copepods) and not identified to species; (3) unknown taxa unidentifiable to phylum.
Large discrepancies between total organism number and the number of organisms used to compute indices are
due to especially large numbers of nematodes and harpacticoids, which have been omitted from the calculations.
Changes in Diversity indices and Evenness among sampling periods also are provided.
I . .< ...•••.. •....•... , •..••..••...•..•......
.'. . '. . .
. .... .. .
Abundance Used to Calculate H I and J'
,..
CORE STATION/SAMPLING PERIOD .' ..•.•.•.. ' ..,. '. . . .... •..•.... '
DB ...•.. .... .•. •....•. ISA~' '.' . 'DC .
I
. STATISTIC .'. . I I I n. Inr .
1,435
I II ';IH .' II ".11' '. IiI I II ·.·Im '.'
Total Abundance 498405 2,228 13,046 242 548 848 480 503 650 1,040
Richness Used to Calculate H I and J I
243 825 1,849 242 340 592 768 450 475 476 694 430
65 87 84 16 41 70 127 87 106 145 127 112
Diversity Index (H ' ) 3.873.40 3.45 3.21 1.93 2.71 3.25 3.57 3.07 3.73 4.39 3.78
0.82 0.77 0.72Evenness (J ') 0.70 0.73 0.77 0.74 0.69 0.80 0.88 0.78 0.82
Net H I Change:
Period I ~ II +0.05 +0.78 -0.50 -0.61
Period II ~ III +0.09-0.24 +0.54 +0.66
Period I ~ III -0.52
Net J I Change:
-0.19 +1.32 +0.16
Period I ~ II -0.05 +0.03 -0.05 -0.10
Period II ~ III -0.05 +0.04 +0.11 +0.04
Period I ~ III -0.06-0.10
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APPENPIX4
TAXONOMIC SPECIALISTS
Porifera: Dr. Shirley Pomponi, Harbor Branch Oceanographic Inst., 5600 Old Dixie Highway,
Ft. Pierce, FL 34946, (407) 465 2400
Nemertea, Platyhelminthes (& Unknown/unidentified/other): Dr. Jon Norenburg, Smithso-
nian Inst., Museum Support Center, 4210 Silver Hill Road, Smitland, MD 20746, (30!)
2383508
Nematoda: Dr. D. Hope, Div. of Worms (NHB), Smithsonian Inst., Washington, DC 20560,
(202) 3574750
Annelida: Dr. Mike Milligan, Mote Marine Lab., 1600 City Island, Sarasota, FL 33577 ,(813)
3884441
Cnidaria: Dr. Stephen D. Cairns, Division of Echinoderms, NHB-163, Smithsonian Inst.,
Washington, DC 20560,
Mollusca: Dr. Donald R. Moore, Marine Geo!. & Geophysics, Univ. of Miami/RSMAS, 4600
Rickenbacker Cswy., Miami, FL 33149
Ostracoda: Dr. Louis Kornicker, Division of Crustacea, NHB-163, Smithsonian Inst., Washing-
ton, DC 20560
Isopoda: Dr. Brian Kensley, Div. of Crustacea, Natural History Museum, Smithsonian Inst.,
Washington, DC 20560, (202) 357 4666
Amphipoda: Dr. James D. Thomas, PO Box 120, Big Pine Key, FL 33043
Cumacea: Dr. Les Watling, Darling Marine Center, Univ. of Maine, Walpole, ME 04573, (207)
5633146
Decapoda: Dr. Austin B. Williams, Natl. Marine Fish. Ser. Systematics Lab, Smithsonian Inst.,
Washington, DC 20560
Sipuncula: Dr. M. Rice, Julie Piraino, Smithsonian Marine Station, 5612 Old Dixie Highway,
Ft. Pierce, FL 34946, (407) 4656630
Urochordata: Dr. Linda Cole, Div. Echinoderms, Smithsonian Inst., Washington, DC 20560,
(202) 357 2486
Algae: Dr. Jeffrey Prince, Bio!. Dept., Univ. of Miami, Coral Gables, FL 33124
Dr. Bart Baca, Nova University Oceanographic Center, 8000 Nom Ocean Dr., Dania, FL
33004, & Coastal Systems Associates, Jacksonville, FL
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